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^lYOCARDIAL NECROSIS AND FIBROSIS RESULTING FROM THE 
ADMINISTRATION OF MASSIVE DOSES OF A CARDIAC 
GLYCOSIDE* 

JOHN S. LaDUE 

From the Departments of Medicine, Louisiana State University, New Orleans, and University 
of Minnesota, Minneapolis 

Received for publication April 27, 19 i3 

Most of the toxic symptoms produced by the cardiac glycosides have been 
exhaustively studied, but the pathological changes resulting from the adminis- 
tration of massive doses of these drugs arc not so well knowm. Essex, Herrick 
and Visscher (1) have shown that lanatosides A., B> and C in doses of from 3 to 
25% of the minimum lethal dose do not reduce the coronarj' blood flow in un- 
anaesthetized dogs. Larger doses, however, were found to reduce the coronary 
blood flow (2). Bauer (3), Hu (4), Bflchner (5) and Lindner (6) demonstrated 
that digitoxin, when given in doses approximating one-third of a cat unit 
(Hatcher-Brody) per kilo of body weight over a period of from 5 to 30 days, pro- 
duces degenerative changes in the heart muscles of dogs. The writer has pre- 
viously reported the production of necrosis and fibrosis in the heart muscles of 
dogs following daily intravenous administration of lanatoside C (7). Weeso 
and DieckhofT (8) saw these changes in cats eight days after the administration of 
single doses of 0.2 mg. of digitoxin per kilo intravenously, All these investiga- 
tors describe findings suggestive of restriction of coronary blood supply, although 
no gross or microscopic changes could be demonstrated in the vessels themselves. 
In some sections the muscle fibres showed loss of striation, branching and 
pyknotic nuclei, accompanied by mononuclear and polynuclear cell infiltration. 
Elsewhere, frank necrotic and infarcted areas appeared in the sections. Finally, 
when the animals survived the acute experiments, fibrosis was sometimes very 
marked. 

Lendle (9) studied the effects of atropine and vagotomy upon the Hatcher cat 
dosage of slrophanthus. His normal animals were killed by 0.08 to 0.12 mg, per 
kilo. When the cats were throughly atropinized, however, the fatal dosage 
was significantly increased (0.12 to 0.147 mg, per kilo). The tolerance of cats 
which had previously been vagotoraized was lower than that of both the above 
groups — 0.050 to 0.144 mg. per kilo, with only one animal requiring more than 
0.10 mg. Hahn (10) showed that vagotomized cats were even more sensitive 
to cardiac glycosides than Lendle’s data indicated. 

Despite the fact that the doses employed by these investigators were far in 
excess of the largest single dose ever given clinically, it seemed worthwhile to 
conduct comparable experiments with lanato.side C (11) and digitalis purpurea 

^ This paper comprises part of a thesis submitted to the Graduate School of the Uaiver- 
sity of Minnesota in partial fulfillment of the requirements for the degree of Doctor of 
Philosophy in Medicine. Part of this inalerial was presented at the meetings of the Ameri- 
can Federation for Clinical Research in Minneapolis, April, 1941. 
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over a wider range of dosage. The purpose of this study was to find out if the 
oral administration of digitalis folia and lanatoside C in amounts comparable to 
those given cUnically would produce changes in the heart muscles of dogs; to 
determine, if possible, the s'mallest daily intravenous dose of lanatoside C which 
would cause degenerative myocardial damage; to correlate electrocardiographic 
changes mth clinical symptoms and morphological changes in the heart muscle; 
and to determine what effect the giving of atropine might have upon the toxic 
symptoms and survival time of dogs receiving large daily doses of lanatoside C 
intravenously. 

Pkocedube. Four series ot dogs were studied. In the first series of 9 dogs, 6 animaU 
received lanatoside C and 4 digitalis purpurea (U.S.P.X.). An initial dose of of a cat 
unit of lanatoside C or tincture of digitalis per 10 pounds of body weight was given by vein. 
Thereafter doses of from i to 5 cat units of lanatoside C or digitalis folia were administered 
orally once daily in tablet form in hamburger balls. Each tablet of lanatoside C contained 
0.25 mg., equivalent to one Hatcher-Brody cat unit; each If grain tablet of digitalis pur- 
purea contained one cat unit. 

The second group of 8 dogs was given daily intravenous injections of lanatoside C‘ 
varying from -fr to } of a cat unit per kilo of body weight. 

A third series of 9 dogs was given daily intravenous injections of from J to i of a cat unit 
of lanatoside C per kilo ot body weight. Serial electrocardiograms were made throughout 
this experiment. 

The fourth group of 6 dogs received daily intravenous injections of from xV to } a cat 
unit of lanatoside C, had serial electrocardiograms taken, and in addition were given subcu- 
taneous injections of 1.5 mg. of atropine sulfate twice dmiy. 

The dogs were killed (or died) at varying intervals of time and complete post-mortem 
studies were made. Thirty sections were taken from each heart and routine slides were 
made of the other organs. 

Effect op prolonged daily administration of oral lanatoside c or 
DIGITALIS PURPUREA (leaf). Seven of the 9 dogs in the first group (table 1) 
took up to 2 cat units (0.044 to 0.200 cat units per kilo) either of digitalis folia 
or of lanatoside C daily for 26 to 368 days without any signs of toxicity. Since 
these animals weighed about 30 pounds each, these dosages are comparable to 
24 to 10 cat units per day in man, equilibrating relative amounts on a basis of.30 
to 150 pounds. 

Four of the dogs were sacrificed after 368 days and one after 208 days. There 
w'Cre no abnormal gross autopsy findings and the 30 microscopic sections taken 
from each heart appeared normal in all respects. Two of the dogs died of pneu- 
monia on the 26th and 50th days of the experiment, 8 and 12 hours before autopsy 
was done. No abnormal histology was found except in the lungs. 

The last two dogs in this group received 5 tablets of the chosen drug daily for 
■ 85 days, one taking 0.370 cat units of lanatoside C per kilo of weight daily and 
the other 0.430 cat units of digitalis purpurea. Although these dogs exhibited 
progressive anore.xia, lost weight and appeared weak, there were no other sigM 
of digitalis toxicity. Autopsies of these animals revealed no gross or microscopic 
evidence of abnormalities. The coronary vessels were smooth, thin, elastic and 

> Each cc. of Bolution contained 0.20 mg. of the drug. 
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patent throughout. The heart muscle fibrils stained well with licmotox>iln- 
eosin and exhibited normal atructure. 

These results demonstrate the wide margin of tolerance of do^ to folia digitalis 
and lanatosMe C when these dnigs arc ©ven by mouth over a long period of time 
in daily doses of from 0.044 cat units to 0.430 cat units per kilo and indicate that 

TABLE I 


The e/Tcci oj prolonped Jailv administration o/ oral lanatoaide C and diffitctUa purpurea (UaJ) 


DOG MO. 

no. Or 

TABLETS 

CIVtNfiAiLT 

COSACt 

PC* ttLO 

octAriovor { 
Etfrthrtvr | 

Bvurrmis nottp dviins txrriiucsTs 

PAlMO- 
: lOCtCAt 

1 riKDlKCS 

1 

! i 

fat kaitt 

0.044 

Jayt 

\ 368 

I Konc 

None 

2 

1 

0.065 

368 ' 

Konc ' 

None 

a i 

2 

0 134 1 

508 

Mono 

None 

4 

1 

o.oeo 

368 

Xone 

None 

B* 

1 

0 OSO 

so (D) 

Died, pnoumonia 

? 

G‘ 

2 

0 200 

20S 

None 1 

None 

7* 

1 

0.090 

26 (D) 

Died, pneumonia ' 

? 

8 

5 

0.370 

65 

Anorc-tlo, wt. loss, muscular wenkness 

None 

9* 

& 

0.430 

88 

Anorexia, wt. loss, muscular weakness 

None 


• Starred numbers indicate animals Riven digitafis purpurea. (D) represenfa animals 
dying 8 to 12 hours before autopsy. 


TABLE 3 

The effect of datly inCrawnous injections of lonotoside C 


DOC hO. 

DAltV 

DQiACC 

MsACZ 
m KILO 

DfBATJOW or 
cxrsKiKtnt 

STwrtous NOtro DCtixc EXPCtmrvrs 

HtAtt 

uuKne 

rATROtoCT 


». 

tai unilt 

Jayi 



l-V 

1.0 

0 055 

33 

None 

None 

2-v 

1.0 

0.071 

33 

Anorexia, wt. loss, siolorrhcn, muscular 

None 





weakness 


3.V 

1.5 

O.IQG 

33 

Same as 2'V 

None 

4'V 

3.22 

0 166 

32 

Same as 2.v, with emesis 

None 

5-v 

5.0 

0 250 

32 

Above, accentuated, dyspnea after last 

None 





4 injections 


6-v 

6.1 

0 333 

25 (D) 

Same os 5>v 

? 

7-v 

10 8 

0.500 

7 (D) 

Same as S.v 

7 

8-v 

13.4 

0 760 

4(D) 

Same as 5-v 



(D) rcptescnla animals dying G to 12 hours before autopsy. 


therapeutic doses of digitalis will not produce morphological changes in the 
heart muscle. 

Effect op dailv intravenous injections or lanatoside c. Tlie 8 dogs in 
the second group were given daily intravenous injections of Innatoside C (table 
2). The dosage varied from to J of a cat unit per kilo of body weight. Pivc 
of the animals were sacrificed after 32 and 33 days, the other 3 died unexpectedly. 
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The coronary vessels of the hearts of all the clogs examined post-mortem were 
smooth and elastic with widely patent lumens. Sub-endocardial hemorrhages 
were noted in one of the hearts which was microscopically normal and in 3 of 
the hearts showing questionable cellular damage. There were no other sig- 
nificant gross autopsy findings. 

Microscopic studies showed no abnormalities among the first 5 dogs’ hearts. 
Unfortunately, the dogs receiving and f of a cat unit of lanatoside C per 
kilo died during the night and post-mortem changes in their hearts were loo ex- 
tensive to permit accurate conclusions. However, areas of infarction with 
mononuclear infiltration and even some connective tissue proliferation were 



Fig. I. Photomickograph of Heart Mu.sct.e Obtained from Dog 7-E, Showing an Area 
OF Acute Myocardial I.nfarction 

Note loss of stri.-ition of muscle fibres niul cellular infiltration. Hemotoxylin-eosin 

stain was used 

noted. It seems unlikely that those alterations in the myocardium could have 
■occurred in the 8 to 12 hours preceding autop.sy. 

The third series of 9 dogs was giv'cn daily intravenous injections of lanatoside 
C in amounts above ^ of a cat unit per kilo of weight (table 3). Daily electro- 
cardiograms were taken. Three of these dogs died 4 to 8 hours before autopsy 
and the cellular changes seen in their hearts were disregarded. The dogs taking 
J, I, and I of a cat unit per kilo lived 8 daj's; there were no significant microscopic 
changes in the muscles of their hearts. The hearts of the last 3 dogs in this 
group exhibited diffuse and widespread cellular damage (figs. 1 and 2). Numer- 
ous small infarctions containing a few mononuclear cells and very occasional 
polymorphs were noted in most of the sections. Elsewhere there was marked 
proliferation of young connective tissue replacing some of the necrotic mu.relc. 
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An unusual atrophy of cardiac muscle without necrosis was seen in two of the 
sections. Occasional muscle fibers had lost their striations and were frayed at 
the ends. Muscular atrophy, loss of striation and fraying of muscle fibers, and 
infarction appear to be the primarj’ pathological changes resulting from massive 
daily doses of the glj'cosidc; the mild mononuclear and polymorphonuclear exu- 
date and the connective tissue reactions probably represent secondarj’ changes 
in response to the primarj' damage. 

All dogs in this group showed signs of starvation associated with their marked 
anorexia and persistent vomiting. One had persistent diarrhea in addition to 
the other toxic reactions noted in table 3. Besides the microscopic changes re- 





Fig 2 Photomicrograph OF HBAUTMuscLBOBTAiNEprnoM Doo5-E.,SnowiNa Complete 
Keplacement of Large Areas of the Heart Muscle by Fibrotic Tissue 
Note intense cellulnr reaction. Ilemotoxylm-cosin stain was used 

suiting from the administration of lanatosidc C, the heart muscles showed other 
changes suggestive of vitamin B deficiency. 

Wenckebach (12) and Weiss and Wilkins (13) saw hydropic swelling of muscle 
cells, fraying of fibers, loss of striation and nuclear changes in the hearts of pa- 
tients dying with beri-beri. These same changes were observed in several of 
our most severely starved dogs. 

All the dogs in the second and third groups (tables 2 and 3) exliibited the same 
symptoms in varying degree, depending upon the amount of lanatoside C ad- 
ministered. Those receiving more than 5 cc. daily developed severe anorexia, 
emesis and marked sialorrhea and were at times severely dyspneic. The dyspnea 
lasted from 4 to 45 minutes after injection of the drug and w'as accompanied by 
a tachycardia or bradycardia and, in one iiuitance, by a venous pressure of 15 
cm. of water. The significance of gencralwed muscular weakness as an apparent 
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toxic effect of cardiac glycosides both in dogs and in man has been reportw 
elsewhere (1-1). 

The mechanism of the production of necrosis, fibrosis and actual atrophy o 
the myocardium can at prc.sent only be assumed. Weese states that large do.se 
of digitalis bodies produce con.striction of the coronary vc.ssels and Gilbert aiK 
Fenn (15) think that the coronary sinus flow is reduced by these drugs. Ai 
previou.sh’ stated, E.ssc.x and Vksscher found that lanatosides A, B, and C in dose: 
of from .3 to 25% of the minimum lethal do.se do not reduce the coronar 3 ' flow 
T]ic ■protective action of atropine. Anoi'cxia, emesis and sialorrhea .siigge.stcc 
vagus lAVperactivitj', so the -Ith group of C animals was given 1.5 mg. of atropiiu 
sulfate twice daih- during the period of gljxoside administration. Table -1 
.summarizes these experiments. Sialorrhea was inhibited, but all the othci 
sj’mptoms were present although somewhat diminished. It is worth notiiip 

TABLE 3 


The effect of daily intravenous injections of lanalosidc C correlated with electrocardiography 


DOG NO. 

DAILY 

OOSACC 

DOSACD 
pr.R j 
KIU» i 

1 

DURATION Of ' 
rxpKRfifn.sT i 

SYMPTOMS NOTED DURING EXPERIMENTS 

EKC 

CIIA.NCES 

HEART 

MUSCLE 

rATHOLOCY 

1-E ' 

(C, 

5.0 

eat units 

0.25 

1 days 

1 8 

Anore.xia, wt. loss, emesis, muscu- 

Present 

Xone 

2-E 

0.9 

0.33 

8 

lar weakness, sialorrhea, 
dyspnea 

Same as 1-E 

Present 

None 

3-E 

12.7 

0.50 

4 (D) 

Same as 1-E 

Present 

7 

4-E 

12.0 

0.75 

4 (D) 

1 Same as 1-E 

' Present 

9 

5-E 

3.0 

0.20 

00 

j Same a.s 1 -E, except for ab.?once of 

IVesont 

Prc.sent 

G-E 

G.O 

0.25 

22 1 

1 dyspnea 

1 Same as 5-E 

Present 

Present 

7-E ! 

8.0 

0.33 

7 

Same as 1-E 

rrcseiit 

Present 

S-E i 

13.0 

0.50 

7 (D) j 

Same as 1 -E 

Present 

? 

9-E i 

9.G 1 

0.-50 

S i 

Same a.s 1-E 

Present 

None 


(D) represents animals (lyiiiK G to 12 hours before autopsy. 


that 4 animals in this group were given ncarl.y one-half a cat unit of lanatosidc C 
per kilo daily, but lived almo.st three times as long as the animals receiving a 
.similar dosage of the glycoside with no atropine (table 3). Three of these dogs 
died four to six hours before autopsy. One of the remaining 3 had 2 small areas 
of connective tissue replacement of heart muscle; the other 2 had normal heart 
muscles. 

Our data on the protective effect of atropine against daily intravenous injec- 
tions of more than 0.2 cat units of lanatosidc C per kilo of dog appear to .sub- 
stantiate the acute c.xperirnental data reported bj- Lendle (9) and Hahn (10). 

Electrocardiographic changes produced by lanatosidc C. Electrocardiograms 
were made at frequent inteiwals on 15 of the dogs receiving large daily intra- 
venous do.=es of lanatosidc C. Serial tracings in every instance showed, at some 
time during the experiment, the effects of the drug. The first change was usually 
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•cen as an aUcratlon in the shape of the T wave or a sliRht lengthening of the PR 
inteia-al, although these effects were not always persistent or progressive in any 
one animal. Alterations in the ST interval were prominent, varying from slight 
depression to depression with coving. In no instanec, however, was there 
reciprocal elevation and deprcs.sion of the ST intcr\'al in leads I and HI. (T 
wave and ST changes in the electrocardiogram of the dog may occur spontane- 
ously.) Extrasystolcs, dropped beats and variable degrees of heart block were 
observed, the latter and the marked ST changes occurring after 2 to 5 doses of 
lanatosidc C had been given intravenously. 

Extreme electrocardiographic changes occurred in -1 of the 15 dogs after they 
liad received G to 8 injections of from 0.2 to 0.35 cat units of lanatosidc C per 
kilo of weight. The myocardium of only one of thc.se animals showed degenera- 
tive microscopic changes. Figure 3 is a photograph of a series of tracings ob- 
tained from one of the animals and is characteristic, illustrating T wave changes, 


TABI.E 4 

The rffeel of daily infeeliona of lanalostde C and of t.S my.. of alropine sulfate luriee daily, 
correlated irith electrocardiography 


DOO ttO 

oAav 

so<«cs 

nosAfic 

rzi 

KIU) 

CVtAtlOV Of 
CmtIKCNT 

SVWnOMS HOTtfrcntMO 
cxretiueNTS 

rtoenxHats 

nCAtt WUKlt 
fATBOlOCX 

10-E 

9-0 

ntKHiU 

0.46 

44yi 

21 

Anorexia, wt. loss, muscle 

Present 

Non© 

ll-E 

s.o 

0 57 

10 

weakness, dyspnea 

Same 

Present 

Slipht 

12-E 

s.o 

0.30 

23 (D) 

Same 

Present 

1 

13.E ' 

4.0 

0.24 

15 ID) 

Same 

Present 

? 

I4-E 

6.0 

0 42 

16 (D) 

Same 

Present 

? 

15-E 

7.0 

0.60 

15 

Same 

Present 

None 


(D) represents animals dying 4 to 10 hours before autopsy. 


2:1 heart block, alternating bundle branch block and ventricular tachycardia. 
Bundle branch and complete heart block were seen in the electrocardiograms 
of 2 of the 4 dogs. In almost every instance, dogs wth ventricular tachj’cardia 
following the intravenous injection of lanatosidc C wore markedly dyspneic for 
10 to 45 minutes, exhibited great weakness, and in one animal the venous pressure 
rose to 15 cm. of water. Frequcntlj' with the subsidence of the dyspnea, the 
ventricular tachycardia would disappear. No apparent electrocardiographic 
changes resulted from the administration of atropine, nor did the atropine 
modify the changes produced by lanatosidc C. 

Levine and Cunningham (IG) noted electrocardiographic changes in anaes- 
thetized cats given increasing amounts of cardiac glycosides by vein. Extra- 
systoles appeared after 48% of the fatal dose had been given, auriculoventricular 
dissociation after 70%, and total block when 80% of the fatal dose had been 
injected. 

The appearance of ventricular tachycardia with alternating bundle branch 







Fig. 3. Series of Eixctbocardiogr.\ms Takes os Dog 10-E 
S/2. Tracing obtained before administration of lanatosiclc C. It appears somcwlial 

abnormal because the animal was lyinj; on its left Pide • r . o-i 

^{tcr 0 daily injections of 0.4G cat units of lanatoside C per kilo of '\cipnl, -• 
heart block has developed. <• i * r* 

S/9. Ventricular tachycardia apjicarcd shortly after the injection of lanatoside 
0 / 10 * Tracing shows depression and coving of the interval. ilw 

^ _ 1 *.t *t.. :n»n#*tinn rtf Innnt nmde C . about one hour i)etorc ine 






MYOcxumAi* ^^Ecuosia AND nuiiosw 

Wock resulting irom Oic cxpciimchtnl ndministration of cnnliao gljcmidM lias 
nolbcrSously described. Hnv,-ani (17) rcpurteil the cruso historj- of a 
plnt"4devaIo^»l‘-=n.nlingbunm^ 

Ue ^MionWeen the amount o! lanatosidc C which can he taken 
toxic symptoms and the amount which produces myocardial damage "'i™ 
drug is administered by vein is Suggested by the data oWain^ on dog l-% n 
on dogs 5, G; 7, and 11-E (tables 3 and 4). Dog l-v (table 2) was given 0.055 
cat units per kilo of body, weight for 33 days without exhibiting any signs of 
toidcity, whUe dogs 5, 0, 7, and U-E all developed tcyerc toxic reactions while 
Teceiviug intravenous doses o£ trom 0.20 to 0.57 cat unitB per kilo. At auto^’, 
degenerative changes were Been in the heart muscles of all the dogs in the latter 
group. On the basis of these preliminary observations, this ratio in dogs is one 
to five for lanatoside C. In other words, * of a eat unit of this glycoside may be 
given intravenously eveiy day witlioul apparent toxic effects over a jieriod of 
33 days. This would correspond in man to a daily injection of 6 cc.‘ (1.0 mg.) 
or more. Further cxpcrimcnla may help to establish this ratio more definitely. 

Comment. Tlie absence of changes in the coronary vessels of the animals re- 
ported hero and by others (3-0) Biiggcata that large doses of cardiac glycosides 
may produce myocardial ischemia by causing constriction of the capillarica of 
the muscle or by increasing the stren^h and duration of systole, thus interfering 
with the coronary flow, A less probable explanation is that the.se drugs cause 
musele damage by direct toxic cellular injury. Since some cardiac glyco.sidc» " 
have been found (18) to produce histological changes in the brain similar to those 
caused by acute anoxia, it is not unrcaeonahlc to suppose that the analogous 
changes in the heart which have been here described miglit also have been due to 
anorda resulting from spasm of the coronary arteries elicited by the glycosides. 
It has been suggested that some of these changes in the myocardium may be 
caused by a loss of potassium ion. Cattell (IB) has shown tlint the sarlotius 
musele of the frog quickly loses potassium Ion when it is suspended in ouabain 
solution. Tlus baa been confirmed by Wood (20) and others (21). However, 
as previhusly pointed out, pronounced symptoms and electrocardiographic 
changes occur within a few minutes after administration of lanatosidc C and 
oiten disappear within 6 to 30 minutes. The fact that these ctfecta appear 
rapidly and are evanescent in character is consistent witli the idea that they may- 
be due to arterial spasm. . . ' . 

Essex md Tiascher (2) found that my large doses of digitalis administered to 
unanaesthetised dogs reduced the coronary blood flow as measured by a tbermo- 

ewT r.n ““ ™ change in blood pressure preceding 

slowing of the coronary few, it is possible that the effect is produced by- spasfn of 
he corona^ artenes, OTie fact that there were no gross areas of infn^S 
the myocariiums of our dogs indicates that the eCivn^S™ 
coronaiy arteries must be upon the arteriolee of threomLrin 

T kiven intra. 

dog. The digilelirieg me 1°° 
iQunteiiaQce doses are given 
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explanation of the pathological finding of atrophy of individual myofibrils is 
that it might be due to a low grade anoxia of long duration, but experimental 
proof of this assumption is lacking. 


CONCLUSIONS 

1. The prolonged daily oral administration of folia digitalis or lanatoside C 
in doses from 1-| to 10 times greater than those given clinically for maintenance 
failed to produce morphological changes in the hearts of dogs. 

2. Daily intravenous doses of lanatoside C of 0.2 mg. or more per kiio of body 
weight (actually 0.2, 0.25, 0.33 and 0.67 mg.) produced myocardial necrosis, 
fibrosis and atrophy in 44 per cent of the dogs suitable for post-mortem study. 

3. Dogs given subcutaneous injections of 1.5 mg. of atropine sulfate twice 
daily survived daily intravenous injections of 0.5 mg. per kilo of lanatoside C 
almost three times as long as dogs receiving the same dosage of the cardiac 
glycoside but no atropine. 

4. Serial electrocardiograms were taken on 15 dogs receiving daily intravenous 
injections of lanatoside C. All 15 dogs exhibited electrocardiographic changes, 
but there was no apparent correlation between pronounced electrocardiographic 
changes and the appearance of m3'ocardial necrosis and fibrosis. 

5. Localized spasm of the coronary vessels is suggested as a possible mech- 
anism for the production of the mj'ocardial necrosis and electrocardiographic 
changes obser\’cd in the dogs studied. 
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In moderate doses, di-phenisopropylaminc (benzedrine, ampbetamine) antag- 
onizes narcotic effects of various barbiturates (1-5), urethane (5), inhalation 
anesthetics (6), morphine (7-9), -alcohol (10-12), avertin (13, 14), chloral (15), 
paraldehyde (16) and other agents (3), and the catatonic effect of bulbocapnine 
(17). Large doses, however, are additive or synergistic with toxic amounts of 
barbiturates (2-4) or other depressants (18). Phenisopropylamine is ineffec- 
tive in the respiratory depression of procaine intoxication (19) and sjmergizes 
the convulsant effects of camphor and cocaine (20). Its analeptic effects in 
avertin, chloral and pentobarbital narcoscs are claimed to be onlj' partial (18), 
Viith marked action only against the loss of the righting reflex, but the respira- 
torj’ effects now appear to be well established and have been used clinically, 
Alles (15) has shown that <f-phcnisopropy!amine has twice to four times the 
central stimulant action of the Laminc o): 1.5 to two times that of the racemic 
form, although the optical isomers are equipotent in their peripheral actions. 
This finding is confirmed (21) by the relative therapeutic results with d- and 
i-phenisopropylamines in narcolepsy and postencephalitic Parkinson's diseash. 

The tolerance of guinea pigs for anoxia, measured as the persistence of respi- 
ration during exposure to low atmospheric pressures, is increased by intraperito- 
neal injection of 2-4 mg. /kg. of df-phenisopropylanune sulfate (7). Respiratory 
failure is also delayed in anoxic dogs given 0.025-18 mg./kg., intravenously (7). 
Ephedrine, norephedrine and pseudonorephedrine are reported to have similar 
effects in anoxic dogs (22) but epinephrine is ineffective in antagonizing lethal 
effects of anoxia in mice (23). It is of interest to compare the optical isomers of 
phenisopropylanune by a standard method (24) designed to test prophylactic 
effects of agents against the lethal action of severe anoxia in mice. This method 
involves simultaneous exposure of large groups of treated and control mice to 
low atmospheric pressures produced with adequate ventilation in a large decom- 
pression chamber. 

Method. Mice were treated intraperitoneally with the phenisopropylamine eulfatea 
one hour before induction of anoxia. All treated groups received 50 cc./kg. of physiologic 
saline as the vehicle. Injection of this amount of saline alone is without appreciable effect 
on resistance to anoxia (24), but control mice were treated with 50 cc./kg. of saline alone. 
Treated and control groups nere exposed simultaneously to a reduced pressure of 523 mm. 
Hg, which corresponds to a simulated altitude of approximately 10,000 ft., for 10 minutes. ' 
After this plateau, the atmospheric pressure was further reduced at a rate simulating an 
ascent of 1000 ft./min. E.\po3Urea to anoxia were terminated when the pressure was ’re*' 
duced to about 141 mm. Hg, which corresponds to a simulated altitude of 40,000 ft. 
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Results. 'Lethal effects of anoxia in the various groups of mice are expressed 
as mortality ratios (no. succumbing/no. used) in table 1. The ffrst dose tested 
was 10 mg./kg. of the three phenisopropylamine sulfates, which is well below 
their intraperitoneal LDto in mice (15) and but 55% of the highest intravenous 
dose of dZ-phenisopropylamine stated to be beneficial in anoxic do^ (7). How- 
ever, nearly all of the treated mice died at a level of anoxia killing only 11 of 50 
untreated mice simultaneously exposed. Thereafter, in experiments with lower 
doses, no attempt was made to obtain 50% mortality of the control groups, 
which is otherwise a desirable endpoint for the standard method (24). Mor- 
tality was uniformly greater in all groups of treated mice than in their appro- 
priate controls. 

Mice treated with 10 mg./kg. of the phenisopropylamine sulfates showed 
intense spontaneous motor activity, grossly equal in the three groups treated 
with different isomers. This excessive activity lasted for the entire period before 
and during exposure to anoxia. A very few of the mice appeared to be ex- 
hausted before exposure to anoxia, but none was moribund. With 2 mg./kg., 

TABLE 1 


Influence of the phenisopropylatnines cm lethal eflecle of onozjo.fn mice 


DOSE or 
AuraxTMnME 
SDITAWS 1 

COKC, or 

tKJECTTD 1 

SOttmONS 1 

1 

MOiTAUTif JlATlOa 


i- 

it- 

CofiUols 


mSBSM 





10.0 


47ISO 

SOfSO 

* SO/SO 

11/50 

2.0 

I 0.004 

6/30 

le/so 

IS/SO 

5/30 

0.2 

0.0004 

15/30 

11/30 

IS/SO 

9/30 


Italicized mortality ratios represent values significantly different in the statistical sense 
from mortality ratios of the control groups, with a p of 0.05 or less. 


there was also marked hyperactivity in all treated groups, but only a minor 
increase in voluntary activity was noted in groups treated with 0.2 mg./kg. 

Discussion. Under the conditions employed, none of the phenisopropyl- 
amines has any prophylactic effect against lethal actions of anoxia in mice when 
administered in doses equivalent to therapeutic doses in man and in doses ten or 
fifty times larger than these. Superficially, the present results directly contra- 
dict those reported for anoxic guinea pigs and dogs (7). The cause of this differ- 
ence is probably related to technical differences rather than to species variation. 
The various physiologic processes involved in lethal actions of acute progressive 
anoxia presumably have a markedly different relative importance in the fulmi- 
nating anoxia to which guinea pigs and dogs were exposed. Certain other sub- 
stances which normally act as efficient respiratoiy' stimulants have also been 
found to be ineffective as prophylactics in acute ano.xia and the various factors 
concerned in prophylaxis against anoxia have been discussed (23). 

To test the actuality of the discrepancy between results in fulminatmg and 
acute anoxia, experiments similar to those of Binet (7) were repeated in cats. 
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Two cats showed marked respiratory stimulation after intravenous injection of 
2 mg./kg. of the phcnisopropylamine sulfates given Nshen nearly complete re- 
spiratorj' failure was attained after a period of inlmlation of nitrogen through 
soda-Urae. Two dogs also showed marked increases of rate and amplitude of 
respiration following intravenous injection of the same dose of the isomers after 
they had been rendered cyanotic with large doses of morphine and pentobarbital. 
These latter results confirm the report of Handley and Abreu (9). Tachyphyl- 
axis was noted and the order of repeated injections of the isomers w’as varied 
accordingly. About 30 minutes were allowed between injections of the different 
isomers, but both the d- and f-isomers ultimately failed to stimulate respiration 
after repeated injections. No large difference between respirator}' effects of the 
two isomers could be recognized, and if a difference exists, its quantitative meas- 
urement would require obser\’ation in n large series of animals. 

In the instances specially noted in table 1, the phenisopropylnmines exhibited 
an unquestionably harmful effect in anoxia, with statistically significant differ- 
ences in mortality ratios (25), In all other instances, the mortality ratios in 
treated groups of mice were higher than those of the appropriate control groups, 
although not significantly so. This harmful effect is most probably due to the 
increased oxygen consumption occasioned by hyperactivity, since it is most 
marked with doses greatly affecting motor activity. In rats, subcutaneous in- 
jection of 3 mg./kg. of d/-phenisopropylaminc results in n very largo increase in 
spontaneous activity during tlic first hour, decreasing to normal in about four 
hours (26). Basal metabolism is not markedly stimulated in man after full 
therapeutic doses of dZ-phcnUopropylaminc (27) and moderate activity of mice 
during exposure to anoxia is not harmful (24), but intense hyperactivity favors 
the occurrence of terminal com’ulsioas in anoxic mice (23). That factors other 
than simple mcrca.se of oxygen consumption may play an important part is indi- 
cated by the results with mice treated with 0.2 mg./kg. of the phcnisopropyl- 
amines. 

The relative effects of the different isomers at the two higher dosage levels 
suggest that the cf-isomer is more detrimental in anoxic mice than the /-isomer. 
AUes (15) states that differences in motor stimulation in mice arc not relatablc 
to differences in optical isomerism and no gross differences were noted in the 
degree of hyperactivity of mice treated with equivalent doses of the different 
isomers in the present study, but among 75 amines studied with rats (28) 
d-phenisopropylamine had the greatest effect on spontaneous activity, followxd 
by the racemic and /-isomers. d-Plienisopropylamine is a more effective analeptic 
than the /-isomer in paraldehyde narcosis of mice (10) and in chloralized rabbits 
(15), As a class, cortical stimulants (23) arc not uniformly active as antagonists 
to lethal effects of anoxia in mice, and other physiologic effects of these agents 
may be of more significance. Alles (15) has showm that the peripheral effects 
of the three phenisopropylamines arc similar. 

In order to determine if peripheral effects of the isomers are also similar under 
the various abnormal conditions of the autonomic nervous system which might 
be encountered in anoxia, the comparison presented in figure 1 was made. Ef- 
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Fia. 1. Effects of Isomeks of Phenisopbopylamine on Carotid Phessdre in tub Doc 

Female doR, 20.5 kg., pentobarbital narcosis. 

Top record: intravenous injections of epincplirinc, 10-’ mols/kg.; 10-* mols/kg.; d- 
phcnisopropylaminc, 10-* mois/kg.; rff-, lO-* mols/kg. ; 1-, 10-* mols/kg.; d-, 10-’ mols/kg.; 
epinephrine, lO'* mols/kg. ; and 10-’ mols/kg. Then, not shown, 7.5 mg. /kg. of atropine 
sulfate intravenously in 5 divided doses, each of the doses followed by 10-’ mols/kg. of 
epinephrine. Cardiac irregularity due to epinephrine became progressively less but did 
not disappear. A 2-hour interval was allowed before the second record. Acetylcholine 
then produced a slight pressor effect. 

Second record; injections as noted in top record. Then, not shown, 10 rag./kg. of 
cocaine hydrochloride, subcutaneously. 15 minute interval before the third record. 

Third record: injections as noted in top record. Then, not shown, 10 mg./kg. of pi- 
pcridinomethylbenzodioxane, 933F, intravenously. Slight depressor response to 0.05 
mg./kg. of acetylcholine iodide. 10 minute interval before the fourth record. 

Fourth record; injections as noted in top record except for interposed injections of 
epinephrine 10-’ mols/kg. and dl-phenisopropylamine 6 x 10-' mols/kg., as indicated on 
the record, and final injections of epinephrine 10-’ mols/kg. and acetylcholine iodide 
0.05 mg./kg., as indicated on the record. 

Interval between individual injections throughout, 10-20 minutes. Time marker on 
fourth record indicates 15-sccond intervals; synchronous kymograph maintained at con- 
stant speed for all records. 
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fects of V the isomers and of epinephrine were noted first in a pentobarbitalized 
dog, confirming Alles’ findings (15). The observ^ations were repeated in the 
same animal after administration of atropine, cocaine, and a s 3 anpathicolytic 
agent, 933F, respectively. In each case, effects of the different phenisopropyj- 
amines on circulation were equivalent. An appreciable tachyphylaxis occurred 
despite a long inter\’al between injections of the isomers and was controlled by 
repetition of injection of the first isomer pven, after the others had been adminis- 
tered. A diminution of the pressor effect of epinephrine after injection of the 
phenisopropylamines was also apparent. It may be concluded that the circula- 
tory effects of the three isoracra arc similar under widely different conditions 
of the autonomic nervous system. 

Although the results %vith anoxic mice indicate that the phenisopropylamines 
are harmful even at dosage levels corresponding to therapeutic amounts used in 
man, no clinical implications from these findings are warranted. Conditions 
present in the moderate anoxia occurring in many diseases of man arc not com- 
parable to those of the lethal levels of anoxia used in the present study, and ef- 
fects of drugs on mice cannot be employed alone as a basis for conclusions con- 
cerning the clinical usefulness of drugs. It is felt that phemsopropylaminc 
deserves further trial as an analeptic agent in man, particularly in intoxications 
such as morphine poisoning (9), but that its use in severe anoxia and in aviation 
practice should be approached more cautiously than would be suggested by a 
report (7) of its effects in fulminating anoxia. 

8U.MMARY 

df-Phcnisopropylamine (benzedrine) and its optically active isomers have no 
prophylactic value against lethal actions of acute anoxia in mice, when adminis- 
tered in doses comparable to those used therapeutically in man, and are signifi- 
cantly detrimental to anoxic mice when administered in higher sublethal 
amounts. 


REFERENCES 

(1) AaijEs: Tms Journal, 47: 339, 1933. 

(2) Lumiere and Meyer: Compt. Rend. Soc. Biol., 123: 680, 1938. 

(3) Hjort, deBeer and Fassett: This Journal, 63: 421, 1938. 

(4) Chakravarti: Ibid , 67; 153, 1939. 

(5) Detrick, Millikan, Modern and Thienes: Ibid., 60: 66, 1937. 

(6) Orth, Leiqh, Mellish and Stutzbian: Ibid., 67: 1, 1939. 

(7) Biket and Struuza: Bull, et m^xn. soc. mid. hOpitaux de Paris, 55: 1264, 1939. 

(8) CfftsTONi: Arch, farmacol. sper., 70; 170, 1940. 

(9) Handley and Abreu: Anesth & Analg., 20: 212, 1941. 

(10) Reifenstein, Jr., and Davidoff; J. A, M. A., 110; 1811, 1938. 

(11) Wehner: This Journal, 66: 39, 1939. 

(12) Reifenstein, Jr.: Ibid., 69: 298, 1940. 

(13) Micuelben and Verlot: Anesth. & Aoalg., 18 : 59, 1939. 

(14) Boyd: Brit. Med. J., 1: 729, 1940. 

(15) Alles; Univ. Calif. Pub in Pharmacol., 1; 129, 1939. 

(16) Trevan: Proc. Royal Soc. Med., 32:391, 1939, 

(17) Spiegel: Tms Journal, 63: 438, 1938. 

(18) Tainter, Whitbell and Dille: Ibid., 67: 56, 1939, 



18 


nUTH CORTELl, AND K. KOHN RICHARDS 


shows no evidence of necrosis, with the exception of a few scattered areas of 
sliglit damage. After four doses the kidneys likewise suffer very little necrosis. 

If the rats which have received four or five doses of 35 mgmr/kgm. of gold 
sodium thiosulphate are then given 100 mgm./kgm., an amount to which they’ 
are now tolerant, their kidneys, when examined 24 hours later, show’ evidence 
only of mild cytoplasmic damage.' (Fig. 1.) The majority of the nuclei are 
intact. The picture is similar to that of a rat receiving four doses of 35 
mgm./kgni. without the additional dose of 100 mgm./kgm. However if one 
examines the kidneys of a normal rat 24 hours after injecting a single dose' of 
100 mgm./kgm. of gold sodium thiosulphate one sees a really’ severe nephrosis. 
(Fig. 2.) The picture is similar to that of the kidney of rats following a single 



Fio. I. PiioTOMicnofinAi’H or the Kibnev of a R.\t which had Received 35 mom./kom. 
OF Gold Sodium TiiiosvLriiATE IethaMuscclably evehv other Dat for 5 Doses and 
THEN Received 100 mgm./kgm. of Gold Sodium Thiosulphate Two Days after the 
Last Chronic Dose. 

The rat was killed 24 hours after the 100 msm./kgm. dose. Magnification X 160. 

Fig. 2, Photomicrograph of the Kidney of a Control Rat 24 Hours after Receiving 
A Single Dose of 100 aigsi./kgm. of Gold Sodium Thiosulphate Intramuscularly. 
Magnification X 13G 

dose of 35 mgm./kgm., only more severe, the necrosis being sufficient to result 
in the death of the animal within three days. 

■ In the group of rats receiving 20 mgm./kgm. doses every other day, the se- 
quence of events is similar to that described above. The necrosis caused by the 
first injection of 20 mgm./kgm. is not quite as severe as that caused by a single 
injection of 35 mgm./kgm., but the subsequent repair is similar, and the kidney 
of a rat receiving repeated doses of 20 mgm./kgm. of gold sodium thiosulphate 
intramuscularly followed by 100 mgm./kgm. of gold sodium thiosulphate shows 
either a veiy slight degree of damage or none at all. 

Repeated injections of 10 mgm./kgm. do not permit survival following 100 
mgm./kgm. of gold sodium thiosulphate, but they enable the animals to live 
longer than normal rats injected with 100 mgm./kgm., indicating some toler- 
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ancc. Histological examinations of their kidneys reveal some interesting find- 
ings. The first dose of 10 mgm./kgm. results only in a very slight necrosis in 
some regions of the convoluted tubules, but animals which have received re- 
peated doses of 10 mgm./kgm. every other day show kidnej's which are essen- 
tially normal. If rats given repeated doses of 10 mgm./kgm. are then given 
100 mgm./kgm. of gold sodium thiosulphate and their kidneys examined 48 
hours later, one finds a very severe necrosis in the region of Henle’s loops, and 
many casts in the collecting tubules, but the cortical areas of the kidney show 
no necrosis. These results indicate that these small doses of gold sodium thio- 
sulphate, although they caused only slight damage to the epithelial cells in the 
region of the renal cortex, nevertheless must have had some effect on them, 
because later the large dose of 100 mgm./kgm. left these cells undamaged, indi-. 
eating their increased resistance to gold. The necrosis of the remainder of the 
kidney was sufficient to cause the ultimate death of the animal. 

If rats which were made tolerant to gold sodium thiosulphate by repeated 
injections of 35 mgm./kgm. were gi\'cn very large doses, such as 200 mgm./kgm., 
these rats died within 5-7 hours, with relatively intact kidneys. Normal rats 
receiving similar doses also died uathin 5-7 hours, but with severe renal necrosis. 
The cause of death uith these large doses is apparently not related to renal 
damage, but is probably due to circulatory collapse os a result of capillarj” or 
cardiac damage, or central paralysis (4). 

In the course of these investigations to study the mechanism of tolerance 
formation to gold sodium thiosulphate it is worthwhile mentioning that the 
r61e of the liver was excluded as a factor by subjecting tolerant rats to partial 
hepatectomy or carbon tetrachloride poisoning before testing them for toler- 
ance. Neither partial hepatectomy nor functional liver damage was found to 
interfere •^ith the tolerance to gold sodium thiosulphate. In none of the rats 
receiving either small or large doses of gold sodium thiosulphate was any liver 
damage evident. 

Discussion. These results show that rats receiving a single dose of 20 to 35 
mgm./kgm. of gold sodium thiosulphate intramuscularly suffer a degree of 
damage to the renal tubular epithelium which can be repaired. In some ani- 
mals, especially those recehdng 35 mgm./kgm., the damage is sometimes more 
severe and may cause the death of the rat. Animals which survive the first 
dose of gold sodium thiosulphate are resistant to subsequent injections, and 
these injections have only the slightest effect on the repaired epithelium of the 
kidney tubules. In fact the epithelium becomes so resistant to the damaging 
effect of the gold salt that 100 mgm./kgm, can be tolerated with no significant 
effect on the histology of the kidney although this dosage in a normal rat results 
in a widespread, fatal nephrosis. 

Tolerance formation as a result of specific tissue resistance has been described 
by other authors. MacNider (5) showed that dogs that survived toxic doses 
of uranium nitrate were resistant to lethal doses of bichloride of mercuiy, pre- 
sumably due to a metaplastic repair of the uranium-damaged epithelium of the 
proximal convoluted tubules of the kidney resulting in a type of cell resistant 
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mediate between those of the 5 1 5-dinitrophenylurethanes of cannabiiiol and syn- 
thetic tetrahydrocannabinol. Hydrolysis of this derivative gave a material 
which Walton (10) found to be two to three times as active as synthetic tetra- 
hydrocannabinol in dogs, but only one-fifth to one-third as active as a potent 
red oil fraction. 

More recently Woltoer, Matchett and coworkers (11), working with an acetyl- 
ated oil distillate of charas of Indian origin, were able to separate out four high- 
vacuum distillation fractions of constant refractive index and optical rotation. 
Determination of the potency of these acetate fractions on dogs by Loewe (11) 
showed them to be ten to fifteen times as active as sjTithetic tetrahydrocan- 
nabinol. Acetyl and C,H analyses agreed well with calculated values for an 
acetyltetrahydrocannabinol. Hydrolysis with acid or ammonia resulted in a 
product ■with lower optical rotation, and the physiological actmty was but sLx 
to ten times that of synthetic tetrahydrocannabinol when tested on dogs fay 
Loewe (11), which represents an activity about that of a potent red oil. 

Valuations of the phy'siological activity of crude extracts or other preparations 
of Cannabis have been chieflj’ made by the Dixon test (12) of measuring the 
minimum amount of drug necessary to produce motor incoordination in a dog. 
Some workers have used the Gayer test ^3) of measuring the minimum amount 
of drug necessaiy to produce comeal anesthesia in a rabbit. To obtain results 
which have any quantitative value by either method, the testing must have been 
done on the basis of determining the dosage of the vinknown preparation which 
produces the same minimal effect as a given dose of a standard preparation in 
that particular animal. This technic has been well described as bioassay by the 
method of approximation by Loewe (14, 15), but the expression of percentage 
error used is more an expression of variation in test technic than an expression 
of biological variation. 

In connection wth our omi efforts to isolate physiologically active fractions 
from Cannabis preparations (9), the Gayer rabbit test was initially set up as the 
bioassay method, because Walton, Martin and Keller (16) had found a close 
correspondence between the Dixon dog test and the Gayer rabbit test in working 
■with distillation fractions of Cannabis. The cumbersomencss, statistical inade- 
quacy, and tediousness of the dog test also affected our choice. Ho^vvever, after 
a number of experiences in which relatively mild handling procedures appeared 
to result in a practical disappearance of comeal anesthetic activity in rabbits, 
certain work was repeated using dog test methods, -with contradictory results. 
It became apparent that the two methods of testing were measures of different 
types of activity, and since the dog test actmty was the more stable, our atten- 
tion from the standpoint of isolation was then limited to fractions exhibiting 
such actmty. 

The different ratio of dog and rabbit actmty of various hemp extracts is con- 
siderable, but might be simply explainable on the basis of there being different 
distributions of various cannabinol derivatives in such extracts, and that these 
derivatives vary somewhat in their relative potencies when tested in the dog and 
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the rabbit. In the present work, vm were able to cany out some inactivation 
experiments wth extracts of charas that are so definite in the change of relative 
dog and rabbit activities as to require the conclusion that another active prin- 
ciple is probably present. This principle would be characteristically very active 
in producing comeal anesthesia in rabbits as demonstrated by the Gayer test. 

Bioassays on Crude Extracts. During 1939 two batches of alcoholic ex- 
tracts of Cannabis of American origin were generously supplied for our studies 
by the Narcotics Laboratory of the Treasury Department through the cooper- 
ation of H. J. Anslinger, H. J. Wollncr and John R. Matchett. These extracts 
were made from Mirmesota wild hemp grown during the 1938 and 1939 season, 
respectively. Both batches were prepared in similar manner from air-dried 
material, after separation of coarse stems, by extraction with ethanol until a 
concentration of about 2 g. per 100 cc. was reached, then this extract evaporated 
below SO^C. to give a final product containing 23-27 g. total solids per 100 cc., 
with each cc. equivalent to about 4 g. hemp.* 

The 1938 hemp extract was received in March 1939, assaj'ed in June 1939, and 
again in June 1940, after standing at room temperature following some prelim- 
inary testing. Eight dogs were initially selected for the assay work, and six of 
these were available for the second tests. White rabbits weighing 1.6-2 kg. were 
used, and a different group of animals was used for the second tests. TIjc test- 
ing was done with a standard solution made up to 100 mg. total solids per cc., 
and the material administered orally after dilution xvith w-ater. 
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The 1939 hemp extract was received the latter part of October, very shortly 
after its preparation. Chemical studies had indicated that addition of benzene 
to the initial ethanol extract, then partial evaporation, with repetition of this 
process several times, yielded an anhydrous benzene extract that was more suit- 
able for further chemical work. This preparation was of sufficient purity so 
that its solids gave a solution in acetone which could be injected intravenously. 
Comparison of the differences between the intravenous and oral routes of admin- 
istration, using benzene dehydrate extracts of 1938 Minnesota hemp, had indi- 
cated intravenous tests to be about ten tiroes as sensitive for rabbits. 
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In December 1940, another batch of Cannabis extract was received from the 
Narcotics Laboratory that -was obtained from hemp grown in Illinois during 
1935, 1936 and 1937, then stored protected from weather until October 1940, 
when it was extracted. Methanol was used for making this extract, instead of 
ethanol (as had been used previously), and the methanolic extract was concen- 
trated at atmospheric pressure until it contained about 67 g. total solids per 100 
cc., which exposed it to considerably higher temperatures than earlier extracts. 
The bioassays were again run on benzene dehydrate extracts of this material so 
that intravenous tests could also be carried out upon rabbits. 
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The dog and rabbit tests of the 1938 and 1939 Mirmesota hemp extracts show 
that storage of these extracts can cause a greater deterioration of rabbit activity 
than of dog activity. Further, due to yearly variation, or some minor details 
in making extracts (such as the benzene dehydration process), rabbit activity 
may be absent from certain extracts, at least wtbin practicable test limits. The 
tests wth the Illinois hemp extracts introduced a geographical variable along 
with age of the plant material, in addition to some variables in details of making 
extracts, but it is clear that, no matter what the cause, there is a real difference 
between the relative dog and rabbit activity of such extract in comparison with 
the 1938 Minnesota hemp extract. 

Heat Inactivation of Chabas Extracts. As it was not possible for us to 
obtain any further American hemp extracts that exliibited any considerable de- 
gree of rabbit activity, several series of experiments were carried out with ethanol 
extracts of some charas of Indian origin. This material was kindly supplied 
by the Narcotics Laboratoiy of the Treasury Department in July 1940. This 
type of material, as has been noted by others, is most satisfactory for the prep- 
aration of potent red oil distillates from ethanol extracts which exhibit both 
dog and rabbit activities. 

In considering the various factors that might account for loss of rabbit activ- 
ity oii storage of the 1938 Minnesota hemp extract, or the inactivity of the later 
studied extracts, we decided that time and temperature in the presence of air 
might be the controlling factors. Initial experiments were tried, which devel- 
oped the follmving procedure for demonstrating the loss of rabbit detivity on 
heating ethanol extracts of charas in the presence of air: 


Two grams charas were ground with some 95% ethanol, the extract filtered and e.\-trac- 
tion repeated until 200 cc. of filtered extract were obtained. After evaporation under 
reduced pressure, 100 cc. of this extract gave a residue of 0.334 g. solids, and these were 
taken up to 3.34 cc. with acetone, and tested. The remaining 100 cc. extract '"‘S P!““d 
in a flask under a reflux condenser, the flask placed in a water bath at 50 C., and a gentle 
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current of air bubbled through the solution for four houra. After evaporation under 
reduced pressure the residual solids were taken up to 3.34 cc. with acetone, and tested. 
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Having developed a satisfactory feclmic for the heat inactivation of charas 
extracts, the experiment was repeated on a lai^er scale, and at double the former 
concentration of the extract, to obtain sufTicicnt material to carry out both dog 
and rabbit tests. The dog tests were carried out by administering the dosage 
made up in ethanol via. a stomach tube with water, and comparisons were noted 
on an individual basis, rather than on the animals as a group. 

Thirty grams charas were ground ndth some 95% ethanol, the extract filtered and cx< 
traction repeated until 1600 cc. of filtered extract were obtained. Two portions of 375 cc. 
each were evaporated under reduced pressure, and the residues each weighed 2.62 g. One 
was taken up to 26.2 ce. with ethanol (la), the other to 26 2 cc. with acetone (Ib), then 
tested. The remaining 750 cc. of extract was placed in a flask in a water bath at 50® C. 
end air bubbled through for four hours. This solution was then divided into two parts, 
each evaporated, and the residues taken up, one to 26.2 cc. with ethanol (IIa},Bndths other 
to 26.2 ee. with acetone (Ilb), then tested. 
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Discussion. As a result of the heating of ethanol extracts in the presence 
of air, under the conditions used, it is obvious that there is a marked deteriora- 
tion of the extracts with respect to rabbit activity (to one-eighth or less), wth- 
out any corresponding change in the dog activity. The mechanism of the pro- 
duction of the test activities in the dog or in the rabbit is not known, but it seems 
not unlikely that two different physiological mechamsms are involved. The 
simplest explanation for the change on heating would then appear to be that 
some active principle or principles that exhibit the rabbit corneal anesthesia 
activity in marked degree are present and are deteriorated much more rapidly 
than are the active principles that exhibit the dog incoordination activity. 
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^ The conclusion that this rabbit activity principle is different from the prin- 
ciples that have already been found in Cannabis is not altogether certain because, 
unfortunately, the principles that have been isolated in a probably pure form 
ha.ve not been quantitatively evaluated upon rabbits. It is likely that another 
principle is involved, however, since all active principles that have been isolated 
are strongly active in producing incoordbation in dogs, and a considerable de- 
struction of any of these isolated principles would have been shown by tests 
made on dogs. Of interest in this connection is the findbg of Loewe and Modell 
(8) that tetrahydrocannabinols produced by chemical isomerization of isolated 
cannabidiol are relatively less active in rabbits than in dogs when valued against 
a standard red oil. They drew the conclusion that Cannabis extracts must 
therefore contain a principle other than these tetrahydrocannabinols. 

A possible alternative hiTrothesis that could e.xplam the presently reported 
observations, but which seems far less likely on a priori grounds, could be ad- 
vanced on the basis that no new active principle is involved, but that both oxi- 
dized and unoxidized forms act almost equally in the dog, while onl}' the unoxi- 
dized form acts m the rabbit. 


SU.MMASY 


1. Alcoholic extracts of Cannabis of American origin may vary considerably 
b their relative activities, as measured by the dog bcoordination and rabbit 
comeal anesthesia tests. 

2. This variation may be due to variation in the extracted materials, but can 
be entirely due to exposure to air under moderate conditions of time and tem- 
perature. 

3. Deterioration of Cannabis extracts under such conditions may lead to loss 
of significant activity in the rabbit without notable loss of activity in the dog. 

4. The comeal anesthesia activity b the rabbit of Cannabis extracts would 
therefore appear to be due to an active principle not yet isolated, for the active 
substances that have been isolated all exhibit considerable dog bcoordination 
activity. 
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VIII. BLOOD-NITRITE CONTENT OF IVfAN AND OTHER SPECIES* 
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A search into the literature has revealed that verj’ little, if anything, is knovn 
concerning the normal physiological significance of the nitrite ion, i.e., whether 
or not it exists as such in the circulation and if it does, what r61o it plays and 
what factors influence its concentration in the blood. Studies by several inves- 
tigators indicate that the nitrite ion does exist normally in the blood. Stieglitz 
and Palmer (1, 2) detected it in the blood of normal human subjects but obtained 
consistently negative results when dog and rabbit blood was analyzed. These 
observers flequently noted the absence of nitrite in human blood during the 
warm months of the year. They reported an average concentration of 1:10* 
for 26 subjects during the cool months. An error in the mathematical treatment 
of their data was discovered and Stieglitz has agreed that their values require 
correction (3). The corrected values indicate a blood-nitrite concentration in 
the order of magnitude of 1:10*. 

Methods QuanUtalive determination of blood nitnie. Stieglitz and PaJmer (1) de- 
veloped a colorimetric test for blood nstrite, employi&g a-naphthylamine and the diaodium 
salt of 0.naplitby]amioc.0,5.di8ulforuc acid (“amino G” acid), which they claimed to be 
more sensitive and more accurate than the Iloavay reaction. The method of Stieglitz and 
Palmer, as studied in this laboratory, was found no more sensitive than the Iloavay reac- 
tion for nitrite and is far less satisfactory. 

Preparation of protein-free blood filtrate. As nitrites are unstable in acid media, the 
method of removing the blood proteins must avoid an acid solution. Somogyi (4) devised 
a satisfactory means for accomplishing this by using zinc sulfate and sodium hydroxide. 
The high dilution of blood resulting after the addition of the reagents in the concentrations 
prescribed by him is undesirable here, however, since the nitrite ion Is present in extremely 
minute amounts in normal blood. A modification of the method of Stieglitz and Palmer 
was therefore employed. 

By this method, 1 volume of blood is thoroughly mixed with 2.5 volumes of 4.5% zinc 
sulfate solution in an Erlenmeyer flask Onc-ha!f volume of 1 N sodium hydroxide is 
added and the mixture again shaken. Centrifugation produces a clear filtrate. If im- 
mediately after blood is withdrawn from a blood veasel it is placed in the flask containing 
the zinc sulfate, no special anticoagulant need be employed. 

For most of the analyses on normal blood, 10 cc. were studied which yielded 20 cc. of 
filtrate (equivalent to 5 cc. of whole blood). 

Production of color reaction. A definite quantity of the clear, protein-free filtrate ia 

‘ The expense of this investigation has been defrayed in part by a grant from the Bressler 
Research Alumni Fund of the University of Marj'land. 

* The material contained in this paper is part of a thesis submitted by Maurice M. Rath 
to the faculty of the Graduate School of the University of Maryland in partial fulfilment 
of the requirements for the degree of Doctor of Philosophy. 
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placed in a tall 50 cc. Nessler tube containing 2 cc, of each diazotization reagent, a-naph- 
thylaraine* and eulfanilic acid.* The Nessler tube is then placed in water maintained at 
75-85° C. and allowed to remain for 10 minutes. The tubes containing the standards for 
comparison are prepared in exactly the same manner, i.e., a quantity of filtrate exactly the 
same ns that obtained from blood is employed, such filtrate being obtained by mixing an 
equal amount of standard solution, in place of blood, with zinc sulfate and sodium hy- 
droxide. 

Preparation of standards for comparison. Merck’s reagent grade granular sodium nitrite 
(99.4%) was employed. With due allowance for the slight amount of impurity, astock 
solution was prepared containing 1.0 milligram of the nitrite ion per 1.509 cc. of solution by 
dissolving 1.0 gram of sodium nitrite (99.4%) in 1000 cc. of m'trite-free water. From this 
stock solution prepared weekly, successive dilutions were made daily to obtain the neces- 
sary standards for comparison. 

Colorimetric reading. Tall 50 cc. Nessler tubes and a Nesslerimeter* were used for this 
purpose and provided a method which is rapid, convenient and accurate. Chances of con- 
tamination by this procedure were minimized because the solution containing the nitrite 
ion can be mixed with the azo dye reagents in a Nessler tube, the mixture then heated in a 
water bath, and the color so developed compared with standard solutions without trans- 
ferring to any other container. As many standards of varying concentrations can be em- 
ployed as are necessary and placed in the Nesslerimeter for matching colors. 

Colorimetric matching, by means of the Nesslerimeter, was made on samples of normal 
blood. AVhen the concentration of nitrite is more than 16 gamma per 100 cc. the ordinary 
colorimeter with 50 millimeter cups is suitable. In the latter case, fewer standards of 
varying concentration need be employed. 

By the method herein described, readings were reproducible when analyses were made on 
10 samples of blood ndthdrawn from a single pool of blood. During all analytical pro- 
cedures scrupulous caution must be exercised to avoid contamination of the sample with 
extraneous nitrite from air, water and glasswate. 

Determination of nitrite in the blood of the dog, steer, monkey, 
and man. By the method described in the foregoing pages for determining 
minute quantities of nitrite, the blood of various species of animals was analyzed. 
The results of this investigation for the dog, cow. Rhesus monkey, and man, re- 
spectively were as follows: 

For 69 dogs, the average nitrite level in the blood obtained either from the 
external jugular vein or femoral artery was 9.5 gamma, plus or minus a standard 
error of 0.39, per 100 cc. of blood. The high value was 18 gamma and the low 
4 gamma. Attempts to alter the blood-nitrite level by several methods in dogs 
met ivith failure. These methods included prolonged fasting and feeding amino 
acids, ammonium chloride, potassium nitrate and certain organic nitrates. So- 
dium nitrite alone readily raised the blood-nitrite level. 

The blood of the steer, collected from the jugular vein at the time of slaughter, 
contained an average 9.4 gamma of nitrite per 100 cc. in 5 animals ivith a stand- 
ard error of 1 .25 gamma. The high value was 13 gamma and the low 7 gamma. 

Fourteen monkeys from which samples of blood were obtained from the ven- 

• o-naphthylamine solution is prepared by placing 100 milligrams of the base (Eastman 
Kodak Co., N. Y.) in boiling 5 N acetic acid. Store in tightly stoppered glass container. 

* Sulfanilic acid solution is prepared by dissolving 0.5 gram in 150 cc. of boiling 5 N 

acetic acid. ti* u u r» \ 

® The Nesslerimeter (Fisher Scientific Company, Pittsburgh, Pa.; 
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tricles of the heart had a nitrite concentration averaging 11 gamma per 100 cc. 
plus or minus a standard error of 0.6. The high value was 16 gan^ma and the 
low 8 gamma. 

A study of a series of 170 human subjects revealed an average of 9.45 gamma 
of nitrite plus or minus a standard error of 0.47 per 100 cc. of blood withdra\vn 
from the antecubital vein. The subjects were patients hospitalized for trau- 
matic injuries, operative treatment etc. 'Both sexes, white and colored races, 
all age levels and various blood pressure levels were represented in this series 
of individuals. These data are summarized in table 1. 

On the basis of these results it appears that nitrite is pr^ent normally in the 
blood of the dog, steer, monhey, and man, and it exists in approximately the 


TABLE 1 

Stood nitrite concentration in man— summary 
Total number of aubjecta, 170 




Bca 

low 

mean nitrite in gamma per 100 cc. blood 

0.45 

29 

0.5 

Standard deviation 

6.25 



Standard error 

0.48 



mean systolic blood pressure in mm. Hg 

152 7 

240 

SO 

Standard deviation 

32.4 



Standard error 

2.4 



Mean diastolic blood pressure in mm. Hg . • 

02.8 

180 

20 

Standard deviation 

21.0 



Standard error 

1.7 



!Mesn pulse pressure in mm. Hg 

62.6 

120 

20 

Standard deviation 

20.0 



Standard error 

1.5 



Mean age in years 

51 4 

01 

9 

Standard deviation - 

18.7 




same detectable concentration in all these species, namely 10 gamma per 100 cc. 
of blood, or one part in ten million. 

Supporting the findings of Krantz, Carr and coworkers (5) it was found that 
the blood of the dog contains nitrite. These investigators did not determine 
the exact quantity of nitrite in blood in various species. They were interested 
in learning the relative increase in nitrite concentration after the administration 
of drugs to dogs. Stieglitz and Palmer (2) were unable to detect nitrite in the 
blood of the dog. Also, these invesrigators reported that human blood fre- 
quently contains no nitrite in warm weather. It is to be noted that 90% of the 
series of human subjects represented in tabic 1 was obtained during the summer 
months hi Baltimore. Whether this detectable quantity represents all of nitrite 
present in blood is as yet unknown. 
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The relationship of arterial tension and age to blood-nitrite level. 
A statistical^analysis of tlie data obtained on the 170 people set forth in table 1 
indicates that the correlation between arterial tension and blood-nitrite level is 
not significant. The chi square test applied to the age-nitrite data for 170 sub- 
jects reveals that significance may be attached to the difference in blood nitrite, 
concentration of younger (54 years of age or below) and older subjects (55 years 
of age and over). This test gives a P between 0.02 and 0.01 which means that 
in only 2 (or less) chances out of 100 can the difference observed occur by chance. 
When the subjects are segregated into young and old and their mean blood- 
nitrite levels compared, the difference also is statistically significant. The differ- 
ence of 4.23 gamma per 100 cc. between young and old is 4.1 times the standard 
error of the difference. The odds against the occurrence of a deviation as much 
as 4 standard errors is great. 

An additional series of 32 aged subjects was studied with respect to nitrite 
concentration of the blood. The average age for this new group was 73.5 years 
with a mean nitrite concentration of 5.84 gamma per 100 cc. of blood (standard 
deviation 2.0 and standard error 0.38). With 1 or 2 exceptions, these subjects 
had blood pressures within normal limits. Here is further indication that low 
nitrite levels are not necessarily associated with high arterial tension. The ex- 
planation for the lower average nitrite level in older individuals is not yet 
forthcoming. 

Evidence that the oral administration of large amounts of nitrate is followed 
by appreciable fall in blood pressure is lacking. But this does not preclude the 
possibility that nitrite is formed in minute quantities during some physiological 
process involving the tissue nitrate (Whelan (6) has reported an average of 1 
mgm. of nitrate nitrogen is present per gram of tissue), that it enters the circul- 
ation wherein it is maintained at a fairly constant concentration. A survey of 
the literature has revealed a number of findings from various branches of biology 
and chemistry which bear on this problem and which may not have been hereto- 
- fore collected and correlated. 

Various types of foods contain nitrates. Some of the normal intestinal flora 
are capable of reducing nitrate to nitrite, especially JB. colt and laelis-aerogenes 
(Zobell (7) Stieglitz and Palmer (8) Aubel and coworkers (9 and 10). Some 
bacteria oxidize ammonia to nitrite (Zinsser and Bayne-Jones (11) and various 
intestinal strains destroy nitrite by converting it to nitrate (Zobell (7) and Stieg- 
litz and Palmer (8)). 

A number of investigators have found that plant enzymes convert nitrate to 
nitrite. They believe that plants containing nitrates yield nitrites by action of 
both plant and animal enzjmes (Kastle and Elvove (12) Bemheim and DLxon 

(13). . . , 

Animal tissues also apparently contain systems capable of reducmg nitrates 
to nitrites. Stephanow (14) showed that tissues which normally contained no 
nitrite were able to form it when ground with nitrates. 

Bemheim and DLxon reported that the livers of the sheep, pig, rabbit, dog, 
chicken, rat and guinea pig reduce nitrates veiy readily and that the liver 
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appears to be the main site of this phenomenon. They demonstrated by in 
vitro experiments that nitrate is reduced during the process of oxidation of alde- 
hyde, xanthine, adenine by oxidases of liver tissue. The amount of nitrite pro- 
duced per time unit in the presence of different substances was exactly parallel 
to the rate of reduction by methylene blue. In other words the nitrate readily 
takes the place of methylene blue as a hydrogen acceptor in other oxidation- 
reduction systems (Dixon and Thurlow (16), Bach (16), Openheiraer and Stem 
(17)). It is interesting to note that ICastle and Elvove (12) found that alcohols 
and aldehydes also greatly accelerate the reduction of sodium nitrate by plant 
extracts. At that time they suspected that nitrates play a vital r6Ie in bio- 
chemical oxidations and reductions. 

Aubel believes that nitrates are important in the mechanism of biological oxi- 
dations and that under certain processes of deh 3 'drogenation in cellular metab- 
olism, they, along nith oxygen, constitute the only acceptors of hydrogen. 
Baudisch (18) discovered that reduction of alkali nitrate to nitrite can be com- 
plete by iron in the absence of oxygen. Nascent hj'drogen, he states, is not 
involved because iron is capable of drawing to itself the subsidiary valence of 
the nitrate oxygen atom and consequently of abstracting an atom of oxygen from 
the nitrate molecule. Baudisch (10) also reported that dextrose and iron are 
factors in the reduction of tissue nitrate to nitrite. 

This discussion shows that the reduction of nitrate to nitrite in the body ap- 
pears to be a part of a physiological oxidation-reduction ^'stem, especially prev- 
alent in liver tissue. A diminution in enzymatic activity of this type may occur 
in ageing to account for the low nitrite values in blood of the aged, although such 
evidence has not yet been revealed by investigators interested in geriatrics. 

SUMMARY 

1. A method has been proposed for the quantitative determination of nitrite 
in blood. 

2. The blood of the dog, monkey, steer, and man contains approximately 10 
gamma of nitrite per 100 cc. 

3. The nitrite content of the blood of the dog is refractory to change by die- 
tary modifications. 

4. The nitrite content of the blood significantly diminished with age in 170 
individuals studied in these experiments. 
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Recently it was demonstrated that after crythrol tetranitrate, glyccrj’l trini- 
trate and mannitol he.xanitrate are heated w-ith sodium hydroxide to bring about 
hydrolysis they do not retain depressor activity in the dog (1). Isomannidc 
dinitrate is an exception in that it retains this activity after an attempt is made 
to hydrolyze it by alkali treatment. In vitro experiments showed that the latter 
compound is refractory to hydrolysis and this fact ofTers a possible explanation 
for the retention of its depressor activity after such treatment, but the other 3 
organic nitrates are readily hydrolyzable by the same chemical means. 

As lO-antz and Carr (1) point out in their report, there remains the unlikely 
possibility of the immediate reduction of the intact nitrate ester to the nitrite 
ester, the latter bci ng responsible for the depressor elTcct observed . The purpose 
of this investigation is to shed light on the fate of injected nitrite in the body, the 
presence or absence of nitrite in the blood after the administration of organic 
nitrates, and the relationship between blood-nitrite content and depressor re- 
sponse. 

Methods. Dogs under nembutal anesthesia (0.75 cc. of a 4% solution per kilogram), 
were given sodium nitrite and organic nitrates by intravenous injection. The blood pres- 
sure in the carotid artery was measured and recorded by a kymograph in the usual manner. 
Injections were made into the cannulated saphenous or femoral vein and samples of blood 
were withdrawn from the exposed contralateral femoral artery. Solutions of crythrol 
tetranitrate, isomannidc dinitrate and glyceryl trinitrate were prepared in concentrations 
ranging from 1 : 10,000 to 1:1000 in 20 to 35 per cent alcohol. The usual dosage of the ni- 
trates was 0.75 cc. per kilogram. A quantity of alcohol equivalent to that present in each 
of the doses the dogs received did not exert ony depressor activity. The dosage of sodium 
nitrite ranged from 0.75 cc of a 1 :1000 solution to 0.3 cc. of a 5% solution per kilogram. 

Results. Sodium nitrile. Intravenous administration to 4 dogs of 0.3 ce. 
of a 5% sodium nitrite solution per kilogram resulted in an average fall in blood 
pressure of 35 millimeters of mercury (26% below original) within 1 minute after 
injection (table 1). The nitrite concentration in the blood at this time was, on 
the average, 740 gamma per 100 cc., this level decreasing to 184, 107 and 68 
gamma after 5 minutes, 15 minutes and 45 minutes, respectively. It is of in- 

‘ The expense of this investigation has been defrayed in part by a grant from the Bressler 
Research Alumni Fund of the University of Maryland. 

* The material contained in this paper is part of a thesis submitted by Maurice M. Rath 
to the faculty of the Graduate School of the University of Maryland in partial fulfillment 
of the requirements for the degree of Doctor of Philosophy. 
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terest to note that of the nitrite found at the time (within 1 minute) of depressor, 
activity, 75% had disappeared 5 minutes after injection and only another 15% 
during the next 40 minutes. 

Figure 1 also shows that only an average of 7% of the amount of nitrite in- 
jected was recoverable from the blood obtained at the time of the fall in blood 
pressure, and from that withdrawn 45 minutes after injection less than 1% 
could be recovered. The number of milligrams of nitrite present in 100 cc. of 
blood, assuming, that all the nitrite remained in the blood stream, was calculated 
from the estimated blood volume and from the amount of nitrite injected. This 
theoretical amount was considered 100% of the nitrite theoretically recoverable 
from the blood instantly after the administration of the drug. The total amount 
of blood in the dog was calculated on the basis of 97 cc. per kilogram body weight 
(2). In each case the control value for the blood before administration of the 
dnig was subtracted from the actual nitrite level to obtain “recovered nitrite.” 

TABLE 1 


Effect of sodium nitrite administered intravenously upon the blood pressure of dogs and the 
concentration of nitrite in the blood at intervals after injection 


DOCS 

TIKE AITEB 
IKJECriO.S 

BLOOD P&ESSUBX 

MILiniETEBS 
BELOW OBlCtHAL 

PESCENTACE FALL 

nitbite peb 

100 cc. BLOOD 

Average 


min. 




1 tomma 

4 

0 




11 

(total no.) 

1 1 

1 4 




740 


5 




184 


16 

88 


32 

107 


45 

98 


25 

68 


Evidently the level of the nitrite concentration does not bear a direct relation- 
ship to the blood pressure after the initial fall has ensued. Even after most of 
the injected nitrite had disappeared from the blood stream the blood pressure 
remained considerably below normal. Figure 1 illustrates graphically the rate 
of disappearance of the injected nitrite and the relationship between the nitrite 
and blood pressure levels. The ex'planation for the disappearance of nitrite has 
not yet been definitely determined. 

Sodium nitrite was intravenously administered to several animals (table 2) 
in doses so small as to evoke little or no fall in blood pressure. Under the in- 
fluence of a nitrite level of 90 gamma per 100 cc. of blood there was no depressor 
effect (dogs numbered 35 and 36). When, however, a 5 to 7% fall in blood 
pressure occurred the blood-nitrite concentration was relatively high (several 
hundred gamma per 100 cc. in dogs numbered 32, 33 and 34). 

Organic nitrates. In concentrations of 1:1000, neither erythrol tetranitrate, 
isomannide dinitrate nor glyceryl trinitrate increased the blood nitrite level at 
the time of average blood pressure falls of 44, 22, and 40% respectively. In the 
case of isomannide dinitrate, a veiy slight increase (2 to 3 gamma per 100 cc. of 
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blood) was noted about 17 minutes after injection of the drug when the blood 
pressure had risen appreciably. 

Erythrol tetranitrate, in the relatively high concentration of 1:100, effected 
an average of 50% fall in blood pressure in 4 dogs with no increase in blood ni- 
trite at the time of fall. Five minutes after injection there was an average in- 
crease of 9 gamma per 100 cc., but sixty minutes after injection the nitrite level 
returned to its original value. There were slight increases over normal (ranging 
from 1 to 18 gamma with an average of 6 gamma per 100 cc.) at the time of fall 
in blood pressure with isomannide dinitrate and glyceryl trinitrate in 1 1 100 con- 
centrations. The highest level of nitrite in the blood after injecting any of these 
organic nitrates was but a verj' small fraction of the lowest nitrite level observed 



lUoutef Att«r liijeetloB 

Fxq. 1. The Percentage Pali, in Blood Pressure and Rate of Disappearance op 
Nitrite after Intrai'enods Administration in Docs 
Curves A and B show, respectively, the average percentage fall in blood pressure and 
the percentage of nitrite remaining to the blood stream of 4 dogs following the intravenous 
injection of 15 milligrams of sodium nitrite per kilogram. 

trith a comparable fall in blood pressure with sodium nitrite. Furthermore, the 
increase in nitrite concentration (table 2) under sufficiently minute doses of 
sodium nitrite to cause no fall in blood pressure was considerably greater than 
any increase in nitrite occurring after injection of the organic nitrates with appre- 
ciable depression of the blood pressure. 

Finally, erythrol tetranitrate and glyceryl trinitrate in small doses of 0.75 cc. 
of 1:10,000 solutions per kilogram lowered the blood pressure 14% and 41% 
respectively, with no increase in the blood nitrite over the control value. In 
several other dogs, erythrol tetranitrate and glycerj’l trinitrate in the same 
dosage produced a fall of over 30 per cent in blood pressure. 

The unlikely possibility remained that from this small quantity of organic 
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nitrate sufficient nitrite might have been quickly liberated in the body to effect 
a hypotensive action, i.e., be liberated and disappear so quickly as to escape 

TABLE 2 


/nfraticnous administration of sodium nitrite in amounts causing no or lilliefall in blood 
■pressure in dogs and the concentration of nitrite in the blood at intervals after injection 


DOGS 

TDCE AFTER 
IKJECnOii 

BtOOD PRESSURE 

I UIILIUETERS 

1 BELOW ORIGINAL | 

PERCENTAGE 

PALL 

NITRITE PER 100 
CC. BLOOD 

Dose; 0.75 cc. of 1:100 solution per kilogram 






gamma 

. 32 

0 

104 

0 

0 

10 


19 secs. 

98 

6 

5 

320 


5 min. 

84 

20 

19 

150 


16 min. 

82 

22 

21 

120 


45 min. 

92 

12 

11 

70 


Dose: 0.75 cc. of 1:100 solution per kilogram 


0 

184 

0 

0 

12 

60 secs. 

170 

14 

7 

1,110 

3.6 min. 

144 

40 

21 


5 min. 

150 

34 

IS 


15 min. 

140 

44 

23 


45 min. 

148 

38 

19 



Dose: 0.50 cc. of 1:100 solution per kilogram 


34 

0 

154 

0 

0 

10 


27 secs. 

148 

8 

5 

1,000 


5 min. 

150 

4 

2.5 

400 


15 min. 

150 

4 

2.5 

350 


Dose: 0.75 cc. of 1:500 solution per kilogram 


0 

118 

0 

0 

10 

45 secs. 

118 

0 

0 

90 

5 min. 

120 

0 

0 

40 


Dose: 0.75 cc. of 1:750 solution per kilogram 


36 

0 

124 

0 

0 

5 


45 secs. 

124 

0 

0 

55 

- 

7 min. 

116 

8 

6 

27 

Dose: 0.75 cc. of 1:1,000 solution per kilogram 

36* 

0 

106 

0 

0 

5 


45 secs. 

106 

0 

0 

33 


5 min. 

108 

0 

0 

12 


• Sixty minutes after first injection. 


detection by the chemical analysis employed. The amount of nitrate contained 
in 0.75 cc. of a 1:10,000 solution of either erythrol tetranitrate or glyceryl trini- 
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trate is 0.06 milligram. This amount of nitrate administered per kilogram of 
•dog could give rise to 0.045 milligram of nitrite per 100 cc. of blood, 100% of 
the nitrate were converted. Crandall (3), however, showed that 20% of glyceryl 
trinitrate injected intravenously into dogs could be recovered from the blood 1 
minute after administration of the drug. Hence if 80% of the nitrate were 
converted and none left in the circulatorj' ej'stem to enter the tissues, a maximum 
■of 0.038 milligram of nitrite per 100 cc. of blood might have been produced, if such 
rapid hydrolysis and reduction were possible. Such a minute amount of nitrite 
in the blood, however, could not possibly effect a reduction in blood pressure. 
This is illustrated by the experimental findings with sodium nitrite and also 
by mathematical deduction. The amount of sodium nitrite theoretically re- 
quired to place a concentration of 0.038 mgm. of nitrite ion per 100 cc. in the 
blood stream immediately upon injection is 0.75 cc. of a 1:13,000 solution per 
kilogram. This theoretical dose is 150th of the actual amount of sodium nitrite 
required to produce a fall in blood pressure comparable to that effected by 
erj’throl tetranitratc or glyceryl trinitrate in the concentration under discussion. 
In fact, nitrite levels of the magnitude of 0.038 mgm. (38 gamma) per 100 cc. 
could not be associated wth any fall in blood pressure. 

Furthermore, upon the oral administration of these same organic nitrates to 
dogs in small and massive doses there occurred no augmentation of the blood- 
nitrite content. 

Discussion and suaiaunr. Neither intravenous nor oral administration of 
the organic nitrates, erythrol tetranilrate, isomannide dinitratc and glyceryl 
trinitrate, results in the ready liberation of the nitrite ion to the blood. The 
basis for the general opinion that these compounds yield nitrite in the body 
before they act to lower blood pressure has rested chiefly on the observation of 
^‘methemoglobin” formation after their administration (since nitrite produces 
methemoglobin) . 

It should be pointed out that the foregoing conclusions are founded on e.vperi- 
ments with dogs. There remains the possibility that the reactions of dogs to 
nitrates differ from those of other animal species. The validity', however, of the 
earlier reports that methemoglobin was actually produced in man and laboratory' 
animals after nitrate administration is open to question. 

The uncertainty of the presence of methemoglobinemia in early reports after 
nitrate therapy is attributable to the fact that the first specific quantitative test 
for methemoglobin — that of Van Slyke (4) — was not proposed until 1911. 
Many of the statements of methemoglobinemia were made because of the pres- 
ence of cyanosis in subjects receiving nitrites or because of a bro^vn coloration of 
the blood. Spectroscopic e.xammation of blood for methemoglobin may not 
have been entirely accurate according to Kobert (5), who stated that the ordinary' 
spectroscopic examination is uncertain when less than 25% of the blood pigment 
is in the form of methemoglobin. Rabe (G) pointed out inconsistencies in the 
results reported by different authors from spectroscopic examinations. As for 
cyanosis, this condition, accompanied by change of part of the hemoglobin into 
a non-oxygen carrying form, may' not be due to methemoglobin formation at all, 
according to Loeb, Bock and Fitz (7). Furthermore, recent investigations by' 
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Krantz, Carr and collaborators (8) have demonstrated that under full depressor 
response of isomannide dinitrate, glyceryl trinitrate or erythrol tetranitrate, 
blood taken from the carotid artery of the dog under ether anesthesia contained 
no raethemoglobin and showed no characteristic spectral band when examined 
in the Keuffel and Esser Color Analyzer. Tests were conducted at intervals 
until one hour after injection. In vitro experiments were also conducted with 
1% dilutions of normal dog blood saturated with erythrol tetranitrate, mannitol 
hexanitrate and isomannide dinitrate, respectively. The presence of methemo- 
globin in the blood could not be detected when tested by the Color Analyzer one 
hour later. 

For these reasons we believe that the conclusions of earlier investigators, that 
nitrite must be formed from nitrates before the blood pressure can be reduced 
are founded on an insecure basis. 
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Conflicting reports of the action of carminatives on the gastrointestinal tract 
may be found in textbooks of phannacology. Meyer and Gottlieb (1) state 
that the muscular activity of the nlimcntarj» tract is increased by carminatives. 
Sollman (2) suggests that the aromatics and condiments probably act by mild 
irritation of the gastric mucosa and that the beneficial effects arc due to a hy- 
peremia and motor stimulation. In Cushny’s textbook (3), however, it is men- 
tioned that volatile oils decrease the movements and tone of the stomach. 

Investigators studying the action of carminatives on the gastrointestinal tract 
also have reported variable results. Heubner and Ricder (4) in 1909 found that 
the sojourn of food in the stomach was shortened by small but delayed by large 
doses of stomachics. Morse (6) in 191G reported that tabasco sauce did not 
modify the discharge of water froip the stomach. In the same year Muirbead 
and Gerald (6) reported that the motility of isolated segments of the intestine 
was increased by low concentrations (1:60,000) of volatile oils but decreased 
with higher concentrations (1:5,000). Gunn (7) in 1920, also working 
wth volatile oils on isolatec^.p*^®®^ intestine, found that in dilutions of 
1:20,000 and up the rate and extent of movement decreased and relaxation 
resulted. No effect was noted with lesser concentrations. Plant (8) in 1921, 
W'orking with dogs with Thiry-Vella loops, reported that carminative oils in 
dilute solutions when placed in the intestinal loop caused an increase in tone and 
rhythmic contractions. Later Plant and Miller (9) studied the action of a group 
of volatile oils on the gastrointestinal tract and reported that therapeutic doses 
of dilute solutions of these oils caused a relaxation of the walls and a decrease in 
peristaltic contractions of the stomach. This relaxation lasted from five to 
thirty minutes and in about one-half of the cases w-as follow'ed by some increase 
in tone or amplitude of contraction. The tone and contractions of the small 
intestine, however, were increased. Stress (10) in 1922 working with a number 
of derivatives of volatile oils found that for the main part they decreased the 
motility of intestinal strips and the contractions in rings of the stomach of the 
frog. Armond (11) in 1925 found a paralyzing action of peppermint on the 
stomach, but a stimulating action on the intestine. 

Several observations have been reported on the effect of carminatives and 
bitters on the intact stomach of man. In 1915 Carlson and his coworkers (12, 
13) reported that bitters in the usual therapeutic quantities had no apreciable 
effect on the hunger mechanism. Indeed these workers reported that these sub- 
stances in larger than therapeutic quantities produced an inhibition or depres- 
sion of hunger. In 1920 Miller et al. (14) obser\’ed that a noticeable delay in 
gastric emptying was produced following the ingestion of creamy wafers which 
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had a strong peppermint flavor. Sommerfield et al. (15), however, using the 
fluoroscope obseiv^ed that peppermint increased the amplitude and vigor of gas- 
tric contractions. Sapoznik, Arens, Meyer and Necheles (16) in 1935, also using 
the fluoroscopic method, reported that oil of peppermint in large doses (2 cc.) 
materially reduced the emptying time of the stomach both in man and in the 
dog. These workers felt that the contrary results reported by Miller et al. could 
be explained by the fact that a great amount of candy had been eaten which con- 
tained a high peppermint content, and further that at times oil of peppermint 
could produce antiperistalsis. It should be pointed out, however, that the doses 
of peppermint used by Sapoznik et al., too, were very large ones, in fact about 
twenty times the therapeutic dose. 

From this brief review of the literature it may be seen that variable results 
have been reported by investigators not only working with isolated segments of 
the gastrointestinal tract, but also working with the intact stomach. Because 
of these discordant results and because relatively few well controlled studies have 
been made of the effect of carminatives on the normal gastric emptying time of 
man it was considered worthwhile to study the problem further. 

Methods. The subjects used in these investigations were twenty young healthy male 
adults. The test meal used was the same as that which has been described previously (17). 
It consisted essentially of 15 gms. of Quaker Farina cooked with water to a volume of 200 oe. 
Fifty grams of barium sulfate were admixed so that the position of the meal could be de- 
termined fluoroscopically. The subjects ate this meal about 9 a.m. No food had been 
. eaten since the preceding evening. The time required for the meal to leave the stomach 
'i completely was determined to the nearest fifteen minutes. A number of control observa- 
7 tions were made at exactly weekly intervals. The avei^ge figure was used for the norm. 

Six subjects were given 1 cc. of Fluidextract of Ginger, U.S.P.XI, which had been thor- 
oughly mixed with the test meal. The gastric emptying time was again determined. Five 
determinations were made on all the subjects save one, on whom four observations were 
made. The average figure was used to express the results. 

The effect of Tincture of Capsicum, U.S.P.XI, was now studied. The same procedure 
was used as when the effect of ginger was studied. Three of the subjects received 0.5 cc., 
six of the subjects received 1 cc. Three or four observations were made on most of these 
subjects; one subject, however, received it five times but two received it only once. As in 
the case of ginger, the average figure was used. 

Oil of Peppermint, U.S.P.XI, in doses of 0.3 cc. was given to six subjects and the same 
procedure was used as previously outlined. No less than three observations were made on 
each individual. The average figure was again used to express the results. 

Results. The results are shown in tables 1, 2 and 3. It will be noted that 
fluidextract of ginger produced a statistically significant decrease in gastric emp- 
tying time in one individual only. The other five subjects were not significantly 
affected. Tincture of capsicum also produced a statistically significant decrease 
in the gastric emptying time of one subject; the remainder of the subjects, how- 
ever, were relatively unaffected. It is worthy of note that the subject in whom 
capsicum produced a decrease in gastric emptying time was not the same indi- 
vidual in whom ginger caused a decrease. Furthermore no particular signifi- 
cance is attached to the fact that a significant decrease in gastric emptjdng 
occurred in one of the subjects who received a smaller dose (0.5 cc.) of tincture 
of capsicum, because two other subjects who received a dose of the same size 
worp imaffented. 
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TABLE 1 


The ejfect of 1 cc. of fiuidextraet of ginger on the gastric emptying time 



CONTIOL 

1 

wo. or 
TtlAU 

Aint 
wcesnow 
or ciNccK 

wo. or 
TKIAU 

sirrEie.KCE 

STAKDAIO 

Eliot 

1 

kourt 

2.30 

5 

kvurt 

2.70 

5 

+ .40 

.31 

2 


5 

1.19 

4 

-.31 i 


3 1 

2.80 ! 

5 

2.23 

5 

-.55 1 

.24 

4 

1.90 

S 


5 


.37 

5 

2.25 1 

5 I 

2 65 

6 


.27 

6 

1.95 

5 

1.90 

5 

1 -.05 

.24 

Average. ... 

3.12 1 

= 1 

1 ' ! 

4.8 

-.02 

.28 


* SigruGcance was chosen as three times the standard error. 


TABLE 2 


The effect of tee. of tincture of capsicum on the gastric emptying lime 


JtlJlCt wo 

covnoL 

wo. or iitAts 

AriEt IS- 

cEsnoM or I 

CArSIOM 

wo. or TIIAU 

DirreiEwu 

STAWDAIO 

EBIOK 


1 k«urt 


kiktt 1 




7t 

1.92 

3 

2.00 1 


+.08 

.26 

8t 

2.03 

3 

2 60 


+ .48 

.18 

9t 

1.80 

5 1 

1.35 


-.45 

.08* 

7 

2.33 

3 

2.19 


-.14 

.15 

10 

1.90 

5 ' 

2.88 ' 

4 

+ .98 

.35 

11 

2.15 

5 

1.5S 1 

3 

-.57 

.22 

12 

1.75 

3 ' 

1.75 

1 



13 

1 92 

3 

1.25 

1 



14 

2.00 

3 1 

2.44 

4 

+ .44 

.47 

Average.... 

1.98 

3.7 

2.00 ! 

3.2 

+ .02 

.19 


* SigniScance was chosen as tlirec tiroes the standard error, 
t These received only 0.5 cc. of the tincture of capsicum. 


TABLE 3 


The effect of 0.5 cc. of oil of peppermint on gastric emptying time 


SUBJECT 

COKtlOt 

wo or TIIALS 

AfTte IK- 
CESTIOH or OIL 
or rtmunwr 

wo. or TUALS 

OTrrttiNCE 

STAKDAID 

Eliot 

15 

k^rt 

2.25 

5 

k^Tt 

2.31 

4 

+ .06 

.24 

16 

1.75 

4 

1.91 

4 

+ .19 

.12 

17 

3.30 

5 

3.25 

4 

-.05 

.47 

18 

2.35 

5 

1.88 

4 

-.47 

.38 

19 

2.90 

5 

2.75 

3 

-.15 

.30 

20 

1.75 

6 

1.50 

3 

-.25 

.39 

Average 

2.38 

5 

2.27 

3.7 

-.11 

.36 
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The oil of peppermint had no appreciable effect on gastric emptying. One of 
six subjects shoTved a decrease of 0.47 hours, but statistically this Tvas not 
significant. 

Discussion . The results show clearly that as far as the effect of carminatives 
on normal gastric emptying is concerned there may be considerable individual 
variation. Although gastric emptying time Tvas not significantly affected by 
fluidextract of ginger in five of six individuals, one subject showed a significant 
decrease. Virtually the same results were obtained when the effect of capsicum 
was studied; in this instance the gastric emptying time in seven of eight subjects 
was unaffected, but that in one subject was significantly decreased. 

According to our findings, oil of peppermint in therapeutic doses does not 
appreciably affect gastric emptying. As previously mentioned, Sapoznik, 
Arens, Meyer and Necheles (16) reported that large doses of oil of peppermint 
produced a noticeable acceleration of gastric emptying. These workers made 
no mention of the effect of small doses. We feel, however, that the action of 
reasonable therapeutic doses of drugs is more important both to medicine and 
pharmacology than is the action of massive doses, and in point of fact the results 
obtained may be quite the opposite (17). 

It Tvould seem from the study of these three representative carminatives that 
the gastric emptying time in the average individual probably is but little affected 
by ingestion of therapeutic doses of such substances. It is likely, however, that 
the gastric emptying of some individuals probably would be affected by certain 
larminatives; in some subjects, moreover, gastric motility would be increased 
ind in others decreased. 

It is in order to comment on the mode of action of bitter or irritating sub- 
stances in general on the gastrointestinal tract. It has been pointed out by 
3unn (7) that volatile oils may affect the stomach in one of two ways, namely, 
jither by direct action on the muscle, causing relaxation, or by a reflex arising 
from irritation of the gastric mucosa causing contraction. The ultimate effect 
would depend upon the relative strength of these two actions. It is of interest 
to note that therapeutic doses of tincture of digitalis (18) and of sodium bicar- 
bonate (19) are both capable of speeding up gastric emptying. They probably 
aroduce their effect by local irritation of the gastric mucosa. 

It has been suggested by Carlson (20) that anythmg which stimulates the 
aerve endings in the gastric mucosa may inhibit the gastric hunger mechanism, 
it is not illogical to assume that the same would apply to the movements of the 
stomach containing food. It would seem, then, that if carminatives caused con- 
siderable irritation of the gastric mucosa some inhibition might ensue rather than 
any increase in gastric motility. 

It has been emphasized that irritating substances do not have the same 
effect On gastric emptying in all subjects, that is, there is a noticeable individual 
variation. It is difficult to account for this although one or two factors could be 
mentioned which might be responsible for this phenomenon. It has been ob- 
served that some carminatives may produce antiperistaltic waves in the stom- 
ach. The susceptibility of individuals to these antiperistaltic waves as well as 
the duration of the waves may well varj' in different subjects. This could ac- 
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count for the individual variation seen in gastric emptying following the inges- 
tion of certain carminatives. Another explanation which may be offered is that 
the threshold of irritability of the gastric mucosa varies in different individuals. 
If we assume that this is possible, it would be expected that individuals would 
respond differently to the action of carminatives, some showing acceleration of 
gastric emptying, others inhibition, and still others no effect. This could ac- 
count, in part at least, for the discordant results found in the literature. 

SUMMARY AND CONCLUSIONS 

Fluidcxtract of Ginger, U.S.P.XI, in 1 cc. doses w’as given to six subjects in a 
suitable test meal. One of the six subjects showed a statistically significant de- 
crease in the gastric emptying time as ascertained fluoroscopically. The gastric 
emptying of the remainder of the group ivas not significantly affected. 

Tincture of Capsicum U.S,P.XI, was given to three subjects in doses of 0.5 cc. 
and to six subjects in doses of 1 cc. One individual showed a statistically sig- 
nificant decrease in the gastric emptying time; the other subjects were relatively 
unaffected. 

Six subjects w'ere given 0.3 cc. of oil of peppermint, U.S.P.XI. None of the 
subjects showed either a significant increase or decrease in gastric emptying. 

It was concluded that representative carminatives, such as capsicum, ginger 
and oil of peppermint may influence gastric emptying in certain subjects, but 
probably the gastric emptying time of the large majority of individuals is not 
appreciably affected by the ingestion of these substances in moderate doses. 
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The desire for stable, non-irritating solutions of barbituric acid hypnotic- 
anesthetics led us to make this study of the many possible solute-solvent com- 
binations. We were particularly interested in obtaining solutions which would 
not be irritating when injected intramuscularly, and which at the same time 
would be sufficiently concentrated that any desired degree of hypnosis or anes- 
thesia could be produced by injection of relatively small volumes. We have 
foimd at least one such solution which seems suitable for intramuscular use, and 
several which offer possibilities as intravenous anesthetics. 

Clinically it is often desired to administer barbituric acid hypnotics by injec- 
tion. For this purpose it is generally necessary to prepare an aqueous solution 
of the sodium salt of the acid. Because of their instability these solutions must 
be prepared just before use and from sterile components. Most of them decom- 
pose appreciably even on standing at 25° for a day. Moreover the solutions are 
jtrongly alkaline and are irritating to tissues. 

It seemed to us possible that suitable solvents could be found for the relatively 
stable, almost neutral acid-form of one or more of the clinically familiar shorter- 
icting barbituric acid derivatives. These acids are so weak (pK' generally not 
;ery different from 8) (1) and of such stability and low solubility in water that 
ihey should cause no irritation of tissues, yet the pH of the tissue fluids is high 
:nough that absorption should not be too slow. 

Our first solubility and pharmacological studies were carried out using olive 
)il as solvent, as this is a well-known vehicle for intramuscular injection of cer- 
;ain drugs other than hypnotics. Because this oil dissolves most barbituric 
icids only sparingly we subsequently tried the related triacetin and a number of 
)ther solvents. In table 1 a summary of the solubilities is given. (These data 
nay be in error by as much as ± 10%.) A number of solvents not in the table 
vere studied; ethyl lactate; cellosolve; butylcellosolve; saturated aqueous solu- 
ions of urea, of methylurea, of sym. dimethylurea, of urethane, of acetamide. 
These often dissolved appreciable amounts of the barbituric acids, but for a 
reason appearing later in this paper they were set aside as less suitable for intra- 
muscular injections than solvents less soluble in water. 

The activity of such solutions depends in part upon the concentration, the rate 
of absorption (site of administration), the inherent activity and the rate of 
detoxification of the active substance, and under some circumstances upon the 
solubility of the solvent in body fluids. We chose as a goal solutions which 

* This work was supported by funds given by the Mallinckrodt Chemical Works. The 
acid form of “Seconal” was kindly supplied by Eli Lilly and Company. 

44 



STABLE BAUBlTOraC ACID SOLUTIONS 


45 


would contain an intramuscular anesthetic dose in a volume of not more than 
0.1 cc. per kilogram of animal (rat, dog, man). Of the barbituric acids in table 
1 only a few are both siifficienlly soluble and sufficiently active to fulfill this 
requirement. To satisfy our limit of 0.1 cc. of solution per kilogram of animal a 
barbituric acid having a solubility of 500 mg. per cc. of solution must produce 
anesthesia in a dose of 50 mg. per kilogram or lower; this gives an “activity/ 


TABLE 1 

Solubility of boTbitunc acids in carious solvents 



soLvcjrrs 

SAtBITTElC ACID 

FomA* 

PropyJ- 

Obve 

Tri- 

PArAl- 

1 mide 

glycol 

oil 

Acetin , 



1 mg /cc. of solution it 2j*C. 

5,5-Diethyl- (Barbital) 

1 

120 

1 

45 ' 

<9 

5-Etbyl-5-n-butyl- (Nconal) 


500 


250 

91 

5-Ethyl-5-isoainyl* (Amytal) 

250 1 

125 


95 ' 

<40 

S-Ethyl-5-(l-methylbutyl)- (Pentobarbital) 


250 


167 

<100 

5-Etbyl-5-«*hexyl- (Ortal)) 


250 


145 

56 

5-Ethyl-5-phenyl- (Pbcnobarbital) 


150 


125 1 

12 

i'n-PropyM.n^amyb 



25 ! 

116 ' 

43 

5.n-Butyl*f«i8oamyI- 




47 

16 

^♦Isobulyl-d.isopropyl. 



20 

115 1 

45 

5*8<c*ButyM*n-butyl- 




91 

43 

5>8ee‘Butyl*5-l6oamyl- 




144 1 

69 

5*Allyl*J-i8opropyl» (Alurale) 


250 


167 

47 

5-Allyl-5-(/-methylbutyl)- (Soconal) 

>300 

>600 

200 

400 

>300 

/-Methyl-5-ethyl.5*n*butyl* (N-Metbyl-neonal) 
/-MethyM-€thyM‘(/-methylbutyI) (N*Methyl-pento- 


120 

<80 

333 

200 

barbital) 



>625 : 

>667 

>600 

I-Methyl-5'allyl-5-isopropyl' (Narconumal) 

>500 

333 

200 

>500 

>500 

/•Mctbyl-J.metbyl-^-cyclohexcByl* (Evipal) 

50-C0 

22 

<30 

SO 

16 

f'Tbio-5-ethyl-5-(/.methylbutyl) (Pentotbal) 

SO 



63 

36 

I-Ethyl.5*allyl.5-i80propyl- (N-Ethyl-alurate) 


>600 

>400 

>600 

>500 

J-n-Butyl-5,5-dicthyl- (N-n-Butyl-barbital) 


125 


200 

200 

J,S.Pimethyl-5,5*diethyl- (N,N'-Dimethyl-barbital) 





>500 

I,S-Dimethyl-J-ethyl-5-n-butyl-(N,N'-PiinethyI-neonal) 
I,3.pimethyl*5.ethyl.J-(I-methylbutyl)* (N,N'-Dimeth- 





>500 

yl-pentobarbital) 



1 


>500 


solubility” ratio = = 0.1 cc./kg. or lower. A barbituric acid ha\ing an 

mg./cc. 

AD 50 o! 30 rag./kg. and a solubility in the solvent of only 100 mg. per cc. 
30 

would require that = 0.3 cc. per kilogram be injected. Since solutions of 

about 30 to 50% were as concentrated as seemed practical, our pharmacological 
tests were immediately limited to such drugs as have an AD 50 intravenously of 
50 mg. per kilogram or lower. (Because intramuscular AD 50 is greater than 
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or equal to intravenous AD 50 this did not eliminate any derivatives which 
might be as active as this intramuscularly.) 

During the progress of the experiments it became apparent that the rate of 
absorption from an intramuscular site varied enormously with the nature of the 
solvent. At the same concentration in the water-soluble solvents (formamide, 
cellosolve, butylcellosolve, propylene glycol) the amount of a short-acting solute 
equivalent to AD 50 was always much greater than the AD 50 when dissolved 
in the solvents of low water solubility. (See table 2.) The water-soluble sol- 
vents are probably absorbed rapidly, leaving the relatively insoluble solute to 
be absorbed slowly. 


TABLE 2 

Anesthetic activity of solutions of barbituric acids 


BARBITURIC ACID 

SOLVENT 

CONCENTRA- 
TION uc./cc 
OF SOLUTION 

INTRAMUS- 
CULAR AD 
50 ilO./EC.* 


Propylene glycol 




Formamide 




Cellosolve 



5-Allyl-5-(f-methylbutyl)-(Acid form of 

Seconal) 

Butylcellosolve 

300 


Triacetin 


30 


Olive oil 


30 


Paraldehyde 


30 


Aqueous (Na salt) 


33 

t-Methyl-5-alIyl-5-isopropyl-(Narconumal) 

Paraldehyde 


50 

J-Methyl -5-ethyl -5-sec-amyl- (N-Methyl-pen- 




tobarbital) 

Paraldehyde 


60 


* These data were obtained by injection of the 30 per cent solutions into the thigh mus- 
cles of male rats. The volume of solution injected was usually somewhat greater than 
0.020 cc. and the error of measurement of this volume was in general not greater than ±0.001 
cc. Syringes were calibrated. Ten male rats were used on each dose. A rat was consid- 
ered anesthetized if on forceful and repeated pinching of the tail he could not attain an 
upright position. The values of AD 50 were estimated by interpolation, and although 
they may be in error by as much as ± 15 per cent they are sufficiently accurate for the pur- 
poses of this study. 

In table 2 are tabulated our data on the anesthetic activity of all of the more 
active solutions. All those solutions of table 1 which had an AD 50 (intra- 
muscularly) of 0.1 cc./kg. or less, and another of lower activity is included. 

It is perhaps surprising to find that so few of our original group of solutions 
answer our requirements as intramuscular anesthetics. The large decrease in 
effectiveness of solutes in the water-soluble solvents led us to study further only 
the solutions in the solvents of relatively low water-solubility, namely, olive oil, 
triacetin, paraldehyde. (Tripropionin and tributyrin are also good solvents.) 
Of these, paraldehyde and olive oil are well known clinically. The pharma- 
cologj' of triacetin (and of tripropionin and tributyrin) is apparently unknown. 
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Paraldehyde offers these important advantages over olive oil: it is a stable, 
■easily available, chemically pure substance; it dissolves many barbituric acids 
to a much greater extent; it can be administered intravenously, as well as intra- 
muscularly, rectally or orally. We therefore chose to coniine our f urthcr in vesti- 
gations to barbituric acids dissolved in paraldehyde. 

We tested the stability of the 30% solution of 5-allyl-5-(i-methylbutyl)- 
barbituric acid in paraldehyde by beating it at 120 2®C. under a mercurj' trap 

for 4 hours. After cooling, the volume decrease was insignificant and the 
aiiesthetic activity of the solution had not changed appreciably. This indicated 
that this barbituric acid is stable and does not catalyse to any appreciable extent 
the depolymerization of paraldehyde to acetaldehyde. This stability allows 
sterilization of the solution by heat. 

The solutions in paraldehyde which seem to us to be of particular interest are 
those of 5-allyl-5-(/-methylbutyl)*barbituric acid, (A), 7-Methyl-5-Dthyl-5- 
(i-methylbutyl)-barbituric acid, (B), and l-Methyl-5-allyl-5-isopropyl-bar- 
bituric acid, (C). (There are no doubt manj' closely related derivatives which 
if they had been available would be in this group.) Of these A, the acid form of 
“seconal,” is well knomi clinically as a very' actii'e hi'pnotic (anesthetic) havdng 
a somewhat shorter duration of action than pentobarbital (nembutal). B is 
apparently not kno\Mi clinically but has been studied in the laboratory (2). 
C (narconumal) is clinically well known in Europe as a short-acting anesthetic; 
it has been used in several thousand intravenous anesthesias (3). A in paralde- 
hyde gives perhaps the optimum combination of inherent activity and rate of 
detoxification for intramuscular hypnosis or anesthesia. All barbituric acids 
B’C have tested which are detoxified less rapidly than A have too high an activ- 
ity/solubility ratio to suit our purpose. Most of the derivatives which are 
more active on the basis of intravenous dosage are detoxified at such a high 
rate that the “intramuscular activity"/solubility ratios are too high. 

The paraldehyde solution of A has been administered intramuscularly to a 
large number of dogs with results similar to those in rats. The rate of onset of 
anesthesia after a single injection is about the same in the two animals, usually 
20 to 40 minutes with minimal doses. A decrease in this time of onset in dogs 
and men was attained by injecting portions of the total dose in as many as 6 or 
8 intramuscular sites. The amount of drug required to produce anesthesia w'as 
also reduced by this multiple injection procedure, but still was greater than the 
intravenous dose. 

Compounds B and C were not tried extensively in dogs by the intramuscular 
route because of the larger doses required, (See table 2.) Intravenouslj' how- 
ever they are much more effective, and W’e have used paraldehyde solutions of 
these substances, as well as of A, for the production of surgical anesthesia by 
intravenous injection. By this route these solutions produce effects very like 
those caused by the injection of the common aqueous solutions of the sodium 
salts. An injection at a moderately slow rate can be made to produce (in dogs) 
deep anesthesia (abolition of the comeal, not the wink reflex) without undue 
depression of respiration or blood pressure. As is the case with all barbiturates, 
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a too rapid injection of an anesthetic dose maj' produce a fall in blood pressure 
and respiratory arrest. The dosage and duration mth A are somewhat less 
dependent than with B and C upon the rate of injection. The amounts of all 
three solutions required to produce this stage of anesthesia in dogs are approxi- 
mately the same, about 0.05 cc. intravenously per kilogram (300 mg. barbituric' 
acid per cc. of solution). 

With the solution of A dogs have been maintained in the stage of deep anes- 
thesia mentioned above for 4 to 5 hours by repeated intravenous injections of 
some 2 to 4 mg./kg./hour, as needed. The duration of the deep anesthesia 
produced by the initial dose (15 mg./kg. during 5 minutes) varied from 20 to 90 
minutes. In similar experiments with paraldehyde solutions of compounds B 
and C the initial dose necessary to produce the deep anesthesia varied rvith the 
rate of injection, from about 15 to 25 mg./kg. during 2 to 5 minutes. The dura- 
tion of this anesthesia was about 5 to 15 minutes, and to maintain it for longer 
periods it was necessary to inject additional amounts of these solutions somewhat 
more frequently than was the case wdth the solution of A. 

All of the dogs recovered without signs of ill effects. 

Clinically we have tried only the paraldehyde solution of A, intramuscularly 
in hypnotic doses. In some 30 patients doses up to 5 mg./kg. (0.017 cc./kg.) 
have been injected in the deltoid or gluteal muscles. The hypnosis from this 
dose varied from pronounced to slight in various individuals. In no case was a 
patient discomforted by the injections, nor has there been any sign of irritation 
or injury to tissue. 

We have not undertaken the administration to humans of larger doses for the 
production of deep hypnosis or of anesthesia. It is quite possible that this 
solution w'ould be useful in the capacity of a basal anesthetic administered by 
the convenient intramuscular route, or for the production of full surgical anes- 
thesia by intravenous injection. Clinical trials along these lines are being car- 
ried out. 


SUMMARY 

We have found a number of solvents which seem to be suitable for the admin- 
istration of the water-insoluble acid-form of certain barbituric acid derivatives. 
The most versatile of these solvents are paraldehyde and triacetin. Because 
we do not know the pharmacology of triacetin, we have concentrated our present 
studies on solutions in paraldehyde. 

A 30% solution in paraldehyde of 5-allyl-5-(7-methylbutyl)-barbituric acid 
seems suitable for the production of any desired degree of hypnosis or anesthesia 
by intramuscular or intravenous injection. This solution has these advantages 
over the commonly used aqueous alkaline solutions of barbituric acids: it can be 
sterilized by heat and remains stable for a long time; it is so slightly irritating 
that anesthetic doses can be injected intramuscularly without discomfort; the 
anesthetic dose is contained in a relatively small volume. 

For intravenous injection it is possible that corresponding solutions of I-meth- 
yl- 5 -allyl- 5 -isopropyl-barbituric acid (narconumal) and of I -methyl-5-ethyI-5- 
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(/•mcthylbutyi)-barbUuric acid would also be suitable for the production of 
relatively short anesthesia, to be lengthened if desired by supplemental in- 
jections. 
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Attempts to reduce the incidence of addiction resulting from the therapeutic 
use of morphine fall into four categories: I. Alteration of the morphine molecule 
(1, 2); 2. Stmthetic Substitutes (1, 3); S. Potentiation of morphine action; 4- 
Administration of morphine in minimally effective amounts (4, 5). 

IMiile each approach has good features, as yet none has been entirely success- 
ful. Recently, Slaughter and his associates have undertaken a new approach 
in the third category based on the premise that morphine acts in a cholinergic 
manner. They have studied the effects of administering known cholinergic 
drugs (eserine, prostigmine) with morphine with the liew that certain actions 
of morphine would be potentiated thereby'. Eserine was found to potentiate 
the toxicity' of morphine, and its action on the intestine and on blood pressure 
(6, 7). Subsequently, it was reported that prostigmine potentiates the analgetic 
effect of morphine, and that atropine “materially antagonizes” this effect (8, 9). 

Their studies on dogs showed that no tolerance or physical dependence devel- 
oped to prostigmine per se over a period of 9 months. When morphine (20 
mgm./kgm.) and prostigmine (0.1 mgm./kgm.) were given together, no physical 
dependence developed; however, the dogs died within 6 weeks (10). Animals 
receiving 10 mgm./kgm. morphine with 0.1 mgm./kgm. prostigmine daily 
became only partially' tolerant to morphine in 5 months. In a subsequent paper 
it was reported that after ph.vsical dependence had been established to morphine 
(dogs) and then supported with morphine and prostigmine, the abstinence 
syndrome which followed withdraw'al was less severe than that of morphine 
alone (11). 

Slaughter, Parsons, and Munal reported their clinical experience with this 
combination in 1940 (12); 8 mgm. morphine and 0.5 mgm". prostigmine provided 
“excellent relief” from various ty'pes of clinical pain, with no untow'ard effects 
and less constipation than with morphine alone. 

The validity' of the basic premise that morphine acts in a cholinergic manner 
in man is open to question since Williams (13) found no significant change in 
serum cholinesterase activity after doses of morphine up to 100 mgm. On the 
other hand, Andrews (14) fouild that post-addicts who were refractory to the pain 
threshold raising effect of 20 mgm. morphine, did show some increase when this 

> Prostigmine methylsulfate was furnished by Hoflraann-La Roche Inc. 
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amount of morphine was given n*ith 1 mgm. prostigmine. Himmelabach and 
Andrews (15) have shown that the effect of 10 mgm. morphine given n*ith 1 mgm. 
prostigmine 30 hours after withdrawal had no significantly greater ameliorative 
effect on the morphine abstinence sjTidromc than 10 mgm. morphine per se, 
and that 1 mgm. prostigmine alone did not affect appreciably the abstinence 
sjTidrome intensity. 

Since Slaughter’s results suggest that prostipnine (selectively) potentiates the 
analgetic action of morphine, while not increasing, or perhaps reducing, its 

TABLE 1 


Point system for measuring abstinence syndrome intensity by the day (D) or by the hour (//) 


SIGNS 

(D) ST CAY 

(H) at sou* 

PoioU 

Limit 

Foist* 

Limit 

YauTiing 





Lacrimation 





Bhinorrhea 

1 

1 



Perapiration 





Mydriaaia 

3 

3 

3 

3 

Tremor 

3 

3 

3 

3 

Gooseflesh ... 

3 

3 

3 

3 

Anorexia (40 per cent decrease in calorie intake) 

3 

3 



Beatlessness .... 

5 

5 

6 

5 

Emesis (each spelt) . 

5 


5 

5 

Fever (for each 0 1*C rise over'mean addiction 





level) 

1 


1 

10 

Hyperpnoca (for each resp./min rise over mean 





addiction level) . . . 

1 


1 

10 

Rise in A.M. Systolic B.P. (for each 2 mm. Hg over 





mean addiction level) 

1 

15 

1 

10 

Weight loss (A.M.) (for each lb. from last day of 





addition) 






Total abstinence syndrome intensity per day or per hour is the sum of the points scored 
in the (D) or (H) columns respectively, with due attention to the limits. 


liability to cause addiction, studies were undertaken of the effect of prostigmine 
on morphine addiction in man. 

The effect of prostigsiine on readdiction to morphine. In order to 
learn whether or not prostigmine prevents or modifies the development of phys- 
ical dependence to morphine, studies were made by a direct approach wherein 
this combination of drugs was given regularly over a period of time sufficient 
for physical dependence to develop to morphine alone. Such studies were made 
on prisoner patients (former addicts who volunteered for the study) with sen- 
tences of sufficient length to permit of rccoveiy prior to release. The fact that 
they were former addicts might have influenced the ease mth which physical 
dependence developed, but there is no reason to believe that this would permit 
physical dependence to occur to a combination non-addictive to normal persons. 
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To leam whether or not prostigmine prevents the development of physical 
dependence to morphine, these drugs were administered to two patients (Nos. 
317 and 319) for two months. All medication was administered subcutaneously 
in equally divided doses four times daily; morphine in progressive increments to 
180-200 mgm. per day, and prostigmine, 1 or 2 mgm. each day. At the end of 
the first month both drugs were withheld for 19 hours. Observations for signs 
of abstinence (table 1) were made on withholding the drugs after one month of 

w 



Fig. 1. Upper Graph Shows Development of Abstinence Syndrome on withhold 

ING Morphine (+— — +) and Morphine and Prostigmine (O O, • •) for 19 

Hours, after one Month of Administration, and the Effect of 10 mg. Morphine 
Sulfate. 

Lower graph shows the abstinence syndromes of the same patients following withdrawal 
of drugs after two months of administration, and the effect of 10 mg. morphine at the 36th 
hour of abstinence. 

administration, and following withdrawal at the end of the second month. After 
recovery the study was repeated on one of these patients (No. 317) using mor- 
phine alone in identical dosage. 

It was found that a typical abstinence sj’ndrome occurred in each instance 
following withdrawal (fig. 1). No remarkable differences were noticed between 
the abstinence syndromes of the patients who received prostigmine with mor- 
phine and that of the patient who later served as his own control. The effect 
of 10 mgm. of morphine was to reduce the intensity of the abstinence syndrome 
in each instance, thus establishing the validity of the physical dependence. 

To leam whether or not prostigmine modifies the development of physical 
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dependence on morphine, the former drug was administered in doses of 0.5 mgm. 
four times daily to one patient (No. 300) of a pair who received morphine in 
ascending doses for five days, then 200 mgm. once daily (at 10 a.tn.) for 50 days. 



1,77 •• *' \ * ^•.'NoBOME Intensitt Exhibited 20 TO 21 Hours 

. ' '• » *.* ipbinebt Patient No. 3G0 (OB MG. PROSTiasjiNE 

.«• ■» • (0.5 ML. 0.85% BOL. NbCI Four Times Datlt). 



HOURS SINCE LAST 00$£ 

PiQ. 3. A Portion of the Abstinence Stndroues (ZOth to 36th Hour) of TVo Patients 
Who •r'ebb Given 200 sio. Morphine Once Dailt for 50 Consecutive Days 
, No. 360 was given 0.5 tng. prostigmin q i d. in addition to morphine, and No. 361 was 
given 0.6 ml. 0.85% sol. NaCl q.i.d. 


The other (control) patient (No. 361) was given 0.5 cc. of 0.85% NaCl q.i.d. 
instead of prostigmine. Observations for signs of withdrawal were made hourly 
every day from 6 a.m. to noon.® The patient who received prostigmine, in 

• In scoring the abstinence syndrome on patients No. 300 and No. 361 changes in tem- 
perature, respiration, and blood pressure were not included since these patients were at 
no time “stable”. 
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addition to morphine, began showing definite signs of abstinence between 6 and 
10 a.m. on the 26th day,^ whereas unmistakable withdrawal phenomena first 
appeared in the control patient on the 9th day (fig. 2). The abstinence syn- 
drome which followed withdrawal was slightly more severe in the control than 
in the patient who had been given prostigmine in addition to morphine (fig. 3), 
but both patients became very ill and required a reduction type of withdrawal 
treatment. 

Effect of prostigmine on certain physiological and biochemical as- 
pects OF morphine addiction. Body temperature, respiration, pulse rate, 
blood pressure, weight, and caloric intake were depressed during the process of 
addiction to morphine and prostigmine in patients Nos. 317, 319, and 360. The 
same changes occurred in patient No. 361 and are usually seen in patients during 
the process of re-addiction to morphine alone. In patient No. 317 the extent of 
the depressions in these measures was slightly greater with the combination than 
with morphine alone. 

Hematocrit, hemoglobin, specific gravity of whole blood and plasma, water 
content of whole blood and plasma, sedimentation, serum viscosity, blood vol- 
ume, and extracellular water were studied in these patients. The changes in 
these measures which have been found to occur in addiction to morphine alone 
(16) occurred also in addiction to morphine and prostigmine. The change in 
blood volume was not so great as that usually found in uncomplicated morphine 
addiction, but the effect of withdrawal of morphine-prostigmine on blood volume 
was somewhat greater than that of morphine alone. It has been shown that 
serum cholinesterase activity becomes depressed following withdrawal of mor- 
phine from addicted patients (13). Studies of serum cholinesterase activity of 
patients Nos. 317, 319, and 360, gave results in accord with findings on patients 
addicted to morphine alone. 

The effect of prostigmine on morphine excretion. On alternate weeks 
24 hour samples of urine were collected on patients Nos. 317, 319, and 360 and 
analyzed for morphine (17). The amounts of both free and total morphine 
excreted increased with the dose of morphine, while the percentage excreted 
decreased slightly. The ratios of bound to free morphine were of the same order 
as those found in addicts receiving morphine alone in the same dose (18). 

Effect of MORPHiNE-PROSTicmNE addiction on the elbctrodermal re- 
sponse TO word stimuli. Electrodermal responses to word stimuli were 
recorded on the Darrow photopolygraph on patients Nos. 317,* 319, 360 and 361. 
The responses (resistance decrease in ohms) were measured from the skin re- 
sistance level before each word to the maximum response. The average ampli- 
tude of response to the test words was determined before, during, and 30 days 
after addiction. The results showed reductions in amplitude of electrodermal 
responses during addiction to morphine-prostigmine similar to those found 
during addiction to morphine alone (19). 

' Perspiration and gooseflesh, considered to have been caused by prostigmine, were noted 
in patient No. 360 for the first week of its administration. 

* Tests on patient No. 317 were made in connection with morphine-prostigmine addic- 
lion, but not morphine alone. 
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Discussion. If prostigminc potentiates morphine analgesia in man wthout 
increasing the addiction liability of morphine, the use of this combination in tlie 
practice of medicine in lieu of morphine alone should operate to reduce the inci- 
dence of clinical addiction. Our results indicate that prostigmine does not 
prevent the development of physical dependence on morphine. Furtliermore, 
conclusive proof is lacking that clinical analgesia is improved by this combina- 
tion. Although addiction liability is difhcuH to estimate quantitatively, in 
general it seems to parallel analgetic power in the morphine series of drugs; e.g. 
codeine vs. morpliine (2). Hence, it would seem that if prostigmine potentiates 
morphine action, this effect must be selective, for these results do not indicate 
increased physical dependence action. 

While the results reported by Andrews (14) suggest some potentiation of the 
pain-threshold-raising action of morphine by prostigmine in post-addicts, the 
felation of this effect to clinical ondgesia is still obscure (20). Nor are the 
results of Slaughter, Parsons, and Munal (12) conclusive in this respect, for they 
did not establish the fact that the dose of morphine (S mgm.) employed witli 
prostigmine was ineffective when given alone. Since Lee’s studies (5) indicate 
that 8 to 10 mgm. morphine provides adequate clinical analgesia, it would seem 
inadvisable to consider that prostigmine potentiates morphine analgesia in man 
imtil it is demonstrated that a uniformly ineffective dose of morphine consistently 
relieves pain when administered with prostigmine. 

The experiment carried out to ascertain whether or not prostigmine modifies 
the development of physical dependence on morphine is inconclusive, for while 
the onset of appearance of abstinence signs was delayed in the patient receiving 
prostigmine it is not clear whether this was caused by a difference in the men, the 
discomfort caused by prostigmine, or a reduction in the addictive action of 
morphine by prostigmine. Since the patients receiving prostigmine regularly 
over protracted periods were uncomfortable (nervous and irritable), and since 
it has been sho^vn that other discomfort (pain) may reduce the addiction liability 
of morphine (4), this seems the more plausible explanation. In any event it 
would be difficult to assign clinical importance to the delay encountered under 
these experimental conditions. Further studies of modification might be indi- 
cated by wider clinical experience with the combination. 

CONCLUSION 

Prostigmine does not prevent the reproduction of physical dependence on 
morphine in man; on the other hand it does not appear to potentiate thephys- 
ical dependence action of morphine. 
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addition to morphine, began showing definite signs of abstinence between 6 and 
10 a.m. on the 26th day,’ whereas unmistakable withdrawal phenomena first 
appeared in the control patient on the 9th day (fig. 2). The abstinence syn- 
drome which followed withdrawal was slightly more severe in the control than 
in the patient who bad been given prostigmine in addition to morphine (fig. 3), 
but both patients became very ill and required a reduction type of withdrawal 
treatment. 

Effect of prostigmine on certain physiologicad and biochemicad as- 
pects OF morphine addiction. Body temperature, respiration, pulse rate, 
blood pressure, weight, and caloric intake were depressed during the process of 
addiction to morphine and prostigmine in patients Nos. 317, 319, and 360. The 
same changes occurred in patient No. 361 and are usually seen in patients during 
the process of re-addiction to morphine alone. In patient No. 317 the extent of 
the depressions in these measures was slightly greater with the combination than 
with morphine alone. 

Hematocrit, hemoglobin, specific gravity of whole blood and plasma, water 
content of whole blood and plasma, sedimentation, serum viscosity, blood vol- 
ume, and extracellular water were studied in these patients. The changes in 
these measures which have been found to occur in addiction to morphine alone 
(16) occurred also in addiction to morphine and prostigmine. The change in 
blood volume was not so great as that usually foimd in uncomplicated morphine 
addiction, but the effect of withdrawal of morphine-prostigmine on blood volume 
was somewhat greater than that of morphine alone. It has been shown that 
serum cholinesterase activity becomes depressed following withdrawal of mor- 
phine from addicted patients (13). Studies of serum cholinesterase activity of 
patients Nos. 317, 319, and 360, gave results in accord with findings on patients 
addicted to morphine alone. 

The EFFECT OF PROSTIGMINE ON MORPHINE EXCRETION. On alternate weeks 
24 hour samples of urine were collected on patients Nos. 317, 319, and 360 and 
analyzed for morphine (17). The amounts of both free and total morphine 
excreted increased with the dose of morphine, while the percentage excreted 
decreased slightly. The ratios of bound to free morphine were of the same order 
as those found in addicts receiving morphine alone in the same dose (18). 

Effect of morphine-prostigmine addiction on the electrodermal re- 
sponse TO WORD stimuli. Electrodermal responses to word stimuli were 
recorded on the Darrow photopolygraph on patients Nos. 317,® 319, 360 and 361. 
The responses (resistance decrease in ohms) were measured from the skin re- 
sistance level before each word to the maximum response. The average ampli- 
tude of response to the test words was determined before, during, and 30 days 
after addiction. The results showed reductions in amplitude of electrodermal 
responses during addiction to morphine-prostigmine similar to those found 
during addiction to morphine alone (19). 

’ Perspiration and gooseflesh, considered to have been caused by prostigmine, were noted 
in patient No. 360 for the first week of its administration. 

* Tests on patient No. 317 were made in connection with morphine-prostigmine addic- 
tion, but not morphine alone. 
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Although the use of chemotherapeutic agents against many types of bacterial 
infections, both in animal and in man, has met \vith very great success, the case 
is verj' different in diseases of virus oripn. In liTnphopatlua venereum (I), 
IjTnphocytic choriomeningitis (2), trachoma (3) and smallpox (4) the sulfona- 
mides have been reported to have altered the course of the infection in man. In 
two of these the beneficial effect may be attributed in part to the action of the 
drug upon secondary infective agents rather than upon the virus itself. In 
lymphopathia venereum, the only virus disease produced experimentally, the 
course of which has been markedly altered by chemotherapy, McICce el al. (5) 
found that in two groups of 13 mice each treated with sulfathiazolc and sulfapy- 
ridine all survived, but that only 11 of 30 control mice lived; Palmer cl al. (6) 
found that mice treated with sulfanilamide or sulfanilylguanidine survived an 
intracerebral inoculation of lymphopathia venereum, but that after the adminis- 
tration of the drug was discontinued mild signs of infection were observed in 
some of the treated mice, and that all of the treated mice developed complete 
immunity against reinfection with lymphopathia venereum. They concluded 
that the drugs had protected the mice from the disease but had not accomplished 
an in vivo sterilization or attenuation of the virus. 

In this laboratory attempts to alter the course of contagious epithelioma 
(fowl-pox) infection in chicks nith various members of the sulfonamide group of 
compounds as well as wdth certain other substances met with complete failure, 
but recent experiments with quinine against fowl-pox produced such striking 
changes in the course of the infection that it seemed -worth while to report them 
here. 

The lesion produced by the fowl-pox virus is similar in tw’o important charac- 
teristics to those lesions produced by variola and vaccinia, in that in all three the 
same tissue, epithelial, is involved and intracellular inclusion bodies are pro- 
duced. In contrast to the necrotizing process in variola and vaccinia lesions, in 
fowl-pox there is mainly an hyperplasia of the epithelial elements of the skin. 

The fowl-pox infection, as produced in the laboratory by the technic used, 
does not cause death of the chick, but the lesion that develops in 3-6 days after 
inoculation is so characteristic in its gross appearance that death is not necessary 
for the determination of positive infection. 

* The funds for this investigation were kindly given by the Mallinckrodt Chemical 
Works. 
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Experimental methods, a. Preparation 0/ inoculum and mode 0 / inoculation.^ The 
stock virus for the chick inoculation was grown on the chorioallantoic membrane of the 
chick embryo, as described by Woodruff and Goodpasture (7). Scrapings from the mem- 
brane were macerated or ground with carborundum until a homogeneous paste was made, 
whereupon the mixture was diluted with distilled water to 1:100 and then centrifuged; 
the supernatant fluid was used or further diluted immediately before inoculation. In the 
experiments to be reported below, the final dilutions used were 1:100 and 1:1,000 because 
the membranes had been in storage for 3 months; however, fresh membranes may be di- 
luted to 1:100,000 and still produce typical lesions. The down, over an area of about 1.5 
X 2.5 cm., was plucked from the top of the head of the chick and this area was inoculated 
immediately by spreading about .02 cc. of the inoculum over the plucked area. 

b. Chick — the experimental animal. One-dny-old chicks, obtained from a commercial 
hatchery, were placed on the stock diet (Purina Laycna) for 10-14 days before use at which 
time they weighed about 70 grams and were consuming about 10 grams of food per day. 

c. Drug-diet mixtures. The basis of the diet during the period of administration of the 
drug to the chick consisted of the residue of the stock diet after shaking through a fine 
sieve to remove the major part of the bran. To this sifted residue quinine bisulfate was 
added in quantities to make a 1%, 1.5% and 2% mixture. The chicks were placed upon the 
drug diet 48 hours before inoculation, and were maintained on this mixture for 14 days fol- 
lowing the inoculation, after which time they were placed on the original stock diet and 
observed until the lesions were completely healed. The diet of the control chicks was the 
same as the treated except for the lack of quinine. 

d. Record of ohservalions. The chicks were weighed 48 hours before inoculation, at the 
time of inoculation, and at regular intervals throughout the experimental period. Each 
chickwas examined daily for the presence and progress of growth of lesions, and three from 
each group were sqlected for photographs at frequent intervals throughout the test period. 
Photographs were made from the third postinoculation day. Three chicks from the con- 
trol groups were selected because the lesions were typical of the whole group, whereas the 
ehicks from the treated groups were selected by chance because no lesions were present when 
they were selected. 

Results. A summarj' of results is given in Table 1 but a few comments will 
help to clarify the picture. 

Inoculum 1:100. No lesions were visible 48 hours after the inoculation in the 
control or treated groups, but by 72 hours all of the control chicks showed evi- 
dence of typical infection ivith one chick having a solitary nodule, but in the 
other 12 chicks multiple lesions were present. There were no gross lesions on 
the treated chicks at 72 hours, but by 96 hours all but 5 of the treated chicks were 
positive. The lesions on the treated groups were definitely retarded in their 
onset of development and growth until the sixth or seventh day, after which time 
they presented lesions very similar to the untreated control. Pictures of the 
chicks, from the third to the twelfth postinoculation days, are shown in figure 1 ; 
the lesions healed gradually by the twenty-first to the twent 3 '--eighth day. 

Inoculum 1:1,000. There were no lesions visible in the chicks inoculated with 
a 1 :1,000 dilution until 4 days after inoculation at which time 7 of 12 controls 
and only 1 of 26 treated had gross lesions. It was only on the seventh day that 
a majority of the chicks on the 1.5% and 2% quinine diet showed lesions and in 
these the lesions were smaller than in the non-treated control chicks. Serial 

! We wish to thank Dr. G. John Buddingh for our original supply of the virus. 
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TABLE 1 

The effect o/ ( 7 ummc upon the development of the foicl-pox lesion in chicks S-IS days after 
inoculation 
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+ + + “ Confluent lesion covering over 75% of the plucked area. 
+ + = Confluent lesion covering over 60% of the plucked area. 

+ = Confluent lesion covering about 30% of the plucked area. 
1-9N = Number of discrete nodules on plucked area. 

0 “ No lesion. 




Fio. 1. Photographs of the heads of chicks inoculated with fowl-pox. Dilution 1:100. 
3-1, Control chicks on third postinoculation day; 3-2, Chicks on a diet containing 1.0% 
quinine bisulfate; 3-3. Chicks on a diet containing 1.5% quinine bisulfatc; 3-4, Chicks on 
a diet containing 2.0% quinine bisulfatc. 
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Fio. 2. Photographs of the heads of chicks inoculated with fowl-pox. Dilution 1:1,000. 5-5, Control chicks on fifth postinoou- 

lation day: 5-0, Chicks on a diet containing 1.0% quinine bisulfatc; 5-7, Chicks on a diet containing 1.6% quinine bisulfate; 
5-8, Chicks on a diet containing 2.0% quinine bisulfatc. Left to right, group numbers. Top to bottom, postinoculation days. 
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pictures of 3 chicks from each group are shown in figure 2 from the fifth to the 
fifteenth postinoculation days; the ledons healed gradually by the twenty-first 
to the tw’enty-eighth day. 

In table 2 the average weights for the chicks in the different groups are pre- 
sented. 


TABLE 2 


The effect of quinine upon weight change in chicks inoculated with fowl-pox 
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The lack of weight gain in the treated chicks as contrasted with a 50% gain 
in weight in the control chicks in 4 to 7 days might be considered to be the cause 
of the marked retardation of development of the lesions in the treated groups, 
but we feel certain that this is not the case because in our owm obser\*ations of 
chicks in other drug-diet mixtures the lesions developed equally as rapidly as in 
the control chicks, even thouglj the treated chicks lost as much as 25-40% of 
their original w’eight in 7 days. Goodpasture (8) also observed that the lesions 
grew rapidly in chicks which were placed on deficient diets. 

SUMMARY 

The effect of quinine in altering the normal course of development of experi- 
mental fowl-pox infection in the chick is reported. 
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The present report is concerned with the relative toxicities and circulatory and 
smooth muscle effects of three homologous series of Z-sXky\-l ,2,S,^-tetrahydro- 
isoquinoline hydrochlorides substituted in the 6- and 6,7- positions. The 6,7- 
dihydroxy- and fi,7-dimethoxy- substituted compounds were synthesized by 
Buck and Ide (1) . The chemical aspects of the ff-ethoxy- substituted compounds 
are included in the present communication. The pharmacology of the analogous 
series of unsuhstituted 2-alkyl-J ,;2,S,4-tetrahydroisoquinoline hydrochorides 
was reported in a previous communication (2), which also gives a bibliography. 

EicPERtMENTAL. I. Chemistry. S-Alkyl-6-eihoxy-l ,S ,3 ,4-tetrahydroisoquino- 
line hydrochlorides. S-Ethoxyphenethylamine (3) was converted into the formyl 
derivative which was cyclized by phosphorus oxychloride, in toluene, to give 
/•') d-ethoxy-S ,.^-dihydroisoquinoline (1, 4). This was treated, in benzene solution, 
>' with the appropriate alkyl iodide, and the resulting ;?-alkyl-d-ethoxy-5,.^-dihy- 
droisoquinolinium iodide was then reduced with zinc and dilute sulfuric acid. 
The base was isolated from the reduction mixture and converted into the hydro- 
chloride which was recrystallized from absolute alcohol-ether mixture. 

It has previously been reported (5) that ;S-methyI-e-ethoxy-J ,2,S,.^-tetra- 
hydroisoquinoline hydrochloride is a powerful depressor. Further examination 
showed that the specimen contained a second compound formed as a by-product 
and that the depressor properties were due to this. Consequently, a fresh 
preparation was made by a method which precluded the formation of the 
by-product. It is this compound that is at present being reported. The by- 
product is under investigation. 

II. Toxicity. In order to obtain the LD 50 values, aqueous solutions were 
injected intraperitoneally into male albino mice of 15 to 20 gm. body weight. 
In accordance wth previous laboratory procedure, for one week before use the 
animals were maintained on a diet of equal parts of cracked corn and whole 
wheat. Prior to injection, they were fasted for 17 hours. Water was allowed 
ad lib. Results were calculated according to the method described by Bliss (6), 
computations being done graphically. The limits of error given are based upon 
twice the standard error and give an estimate of the extent to which LD 50 
values may be expected to vary because of chance alone. The limits are ex- 
pressed as per cent and are to be applied to the LD 50 values given in table 2. 

In general, toxicity increased as the length of the 2-alkyl chain increased. 
This is somewhat emphasized if the LD 50 values are expressed as mM./kgm. 
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instead of mgm./kgni. The iso derivatives appear to be less toxic than their 
straight chain isomers. Comparing analogs, the 7-dihydroxy compounds were 
the least toxic and the 5,7-dimetboxj’^ compounds the most tojdc. 

The dose response curv'es were quite steep, indicating a high degree of uni- 
formity of action. Limits of error arc consequently narrow. 

Like most compounds with pressor properties, the d, 7-dihydroxy derivatives 
produced exophthalmos and pilomotor effects. These sjTnptoms lasted for 
about an hour when produced by 5-ethyl-^, 7-dihydro.\3'-/,;?, 5, 4-tetrahydro- 
isoquinoUne hydrochloride. In general, the severity and duration of the sjrnp- 
toms appeared to be associated \rith the length of the 2-alkyl chain, the com- 
pounds with the longer chains being less effective. Signs of central nervous 
effects were lacking with the ,7-dihydro:or derivatives. 

The methoxj’ and ethoxj' derivatives produced coarse tremors but no pilomotor 
effects, exophthalmos or salivation. The methoxj’ compounds were also found 

TABLE 1 


S‘Alkyl-€-elhoxy-t ,2fS,i-tetrahydroiaoqu{noUne kydroehloride$ 







AMALVSEI 

no. 

AIXYl esODr 

AffEAtAno: 


KiH(Tn.A 

Ctlcd. 

Fovfid 






C 

n 

C 

H 




•c. 


% 

% 

% 

% 

717 

Methyl 

Sm&ll whito fl&t prisms 

153 5* 

CitHuONC) 

53.27 

7.97 

63.55 

7.07 

718 

Ethyl 

Tiny white codulca 

ICl 

Cj.HuONCl 

54.67 

8.34 

64.65 

8.50 

719 

n-Propyl 

White powdery platelets 

204 

C„H„ONCl 

65.72 

8.58 

65.9S 

8 02 

720 

n-Butyl 

White powdery platelets 

214* 

C,^H5,O^XI 

05.76 

8.97 

66.92 

0.25 


* After drying 12 hrs. in vacuo at 100*C. 


to be devoid of pressor action, while the ethoxy derivatives were predominantly 
depressor as noted in table 3. 

The production of coarse tremors by methoxy and ethoxy isoquinoline de- 
rivatives has been frequently observed (7) especially in those compounds with 
analeptic properties. 

In addition to the symptoms listed in table 2, all of the above compounds 
produced short convulsive hops followed by a brief period of coma just before 
death which appeared to be caused by respiratory failure. 

III. Circulatory effects. The relative circulatory and respiratorj' effects are 
recorded in table 3. 

Each compound was tested in two dogs, only one compound being adminis- 
tered per dog. The dogs were anesthetized with dial, 70 mgm./kgm., intra- 
peritoneally. The usual carotid blood pressure tracings were made using a 
mercury manometer and isotonic sodium citrate as an anticoagulant in the 
system. The materials were injected into the cannulated femoral vein using 
physiological saline for flushing. 

A standard response to epinephrine was obtained on each dog by administering 
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a dose which would give a pressor response of from 40 to 70 mm. of mercury. 
This dose was usually 2 micrograms but varied among the dogs from 1 to 4 
micrograms per hgm. After standardization to epinephrine, a small dose of the 
compound under investigation was given. A pulse tracing on a fast drum was 
obtained. Qualitative respiratory changes were observed and recorded on the 

TABLE 2 


Toxicity and symptomatology of B-alkyl-t ,S ,S ,4-tetrahydToisoquinoline hydrochlorides 




VOZll' 

1 CULAU 

IWElCEtT 



i.miTs , 
OF 

£KROft 

FILOUCrTOR 

EFFECTS 

EXOPHtBAtUOS 

SAU- 

VATlOa 

TREUOKS 



t 

tngm,/' 
fcim. ' 


% 





778 

2-Ethyl-6,7- 

229.6' 

232 

20 

93-108 

Prolonged, 

Prolonged, 

Occa- 


1 

dihydroxy 





marked 

marked 

sional 


779 

2-»-Propyl- 

243.6 

215 

38 

96-105 

Persistent, 

Persistent, 

Occa- 



6, 7-dihydroxy 





moderate 

moderate 

sional 


7M 

2-Isopropyl- 1 

243.6 

243 

12 

89-113 

Persistent, 

Persistent, 

Occa- 


e, 7-dihydroxy 





slight 

slight 

sional 


781 

2-n-Butyl- 
6, 7-dihydroxy 

257.6 

159 

17 

89-112 

Brief, slight 

Brief, slight 



782 

2-n-AmyI-6,7- 

dihydroxy 

271.6 

131 

14 

88-113 

Brief, slight 

Brief, slight 



783 

2-Isoamyl-6,7- 

271.6 

136 

22 

91-110 

Occasional, 

Occasional, 




dihydroxy 





slight 

slight 


Coarse 

772 

2-Ethyl-e,7- 

dimethoxy 

257.6 

144 

15 

89-112 




Coarse 

773 

2-n-Propyl- 

6,7-dimethoxy 

271.6 

177 i 

1 

32 1 

1 

95-105 

1 

1 


i 

1 

Coarse 

774' 

2-Iaopropyl- 

e,7-dimethoxy 

271.6 

248 

14 

1 

92-108 




Coarse 

775 

1 

2-n-Butyl- 

6,7-dimethoxy 

285.6 

114 

22 

i93-107 




Coarse 

776 

2-7i-Amyl-6,7- 

dimethoxy 

299.7 

74 

i 

35 

96-104 

le-ioi 


1 


Coarse 

777 

j?- Isoamyl 7- 
dimethoxy 

299.7 

1 97 

60 





Coarse 

717 

2-Methyl -6- 
ethoxy 

227.6 

106 

1 22 

1 

94-106 




Coarse 

718 

2-Ethyl -6- 

i 241.6 

150 

56 

98-102 




719 

ethoxy 

2-n-Propyl-fi- 

ethoxy 

255.6 

187 

24 

94-106 




Coarse 

Coarse 

720' 

2-n-Butyl-e- 

ethoxy 

269.6 

146 

40 

97-104 






chart. After an interval of 10 or more minutes, the standard epinephrine dose 
was given, in order to observe such adrenolytic, inhibitory or sensitizing effects 
as the compound might have. At intervals of 20 or more minutes a series of 
graded doses was given, each dose being double the preceding one. Each dose 
of the compound was followed by the standard epinephrine dose. 
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After completion of the graded series, a dose which gave the median response 
•of blood pressure was selected and this was given in order to estimate the possible 
tachyphylactic effects of the compound under investigation. This “paired” 

TABLES 


Relative effects of S^alkyl-tiSfSt^y-letrakydroUoquinoUne hydrochlorides on blood pressure, 
respirtUion and pulse • 





1 

BLOOD FUSSnS 

FAJXCD 

srreci or 


RE 

z 

P 









s 
















Change 

Dura. 

Uon 



r 

p 

ti 

s 

1 



mit. 

7*71. 

Ht 

annairr 







398 

f-MethyM,7^hydrexy* 

.00023 

.05 

p to 

1 




B 

D 

D 



.0175 

8.77 

plIO 

15 







778 

f-£thyM,7-dihydroxy 

.001 

.23 

p 28 

5 

D 

0 

0 

0 

D 

D 



.008 

1.79 

p 46 

30 







779 

l•«-PropyM,7-d^hydro*y 

.003 

.49 

p 25 

8 

D 

0 

0 

0 

D 

D 



.032 

7.80 

p 43 

80 ' 







780 

i-Iaopropyl-4, 7><li hydroxy 

.002 

.49 

p 45 

8 

0 

0 

0 

0 

D 

D 



.018 

2.90 

p 67 

30 







781 

/•w-ButyM.T-dibydroxy 

.004 , 

1.03 

p 18 

2 

0 

0 

0 

0 

0 

0 



.032 1 

8.21 

p 40 

8 







782 ^ 

8-n»AmyW,7*dihydfoxy 

004 

1.03 

p 48 

4 

0 

0 

D 

0 

0 

D 



032 

8.24 

P Tt 

1$ 







783 

f•l^oamyl•8,7•dlhydroxy 

004 

1.09 

P 30 

1 

depreasor- 

abolished 

0 

D 

I : 

D 



084 

IT 38 

d40 p 30 

1 9 

preaaor 

depreasor 





393 

f'Uethyld, 7«dimetboxy* 

0029 

0 71 

dIS 

6 




R 

I ! 

D 



.018 

8 90 

dfiS 

17 







7M 

7«£thyM, 7>dimetboxy 

.004 

1.03 

d35 

1 

0 

0 

0 

D 

0 

D 



.032 

8 24 

d68 

3 







778 

i*n>PropyM/7>di to ethoxy 

.004 

1 53 

d40 

2 

0 1 

0 

0 

D 

1 

D 



018 

4 35 

d73 

10 







774 

f-Isopropyl-d.T-dimethoxy 

.003 

2.17 

d25 

1 

0 

0 

0 

D 

0 

0 



.033 

8 TO 

d45 

1 







775 

<-n>Butyl-8, 7-dimethoxy 

.003 

.87 

dSO 

1 

0 ; 

D 

0 

D 

D 

D 



.010 

4 57 

dTO 

3 







775 

2-n*AmyM,7*dimethaxy 

.003 

2.40 

dI7 

3 

0 

0 

0 

D 

0 

0 



.032 

9.60 

d40 

30 







777 

f'laoamyM, 7'dimcthoxy 

004 

I 20 

d20 

1 

0 

0 

0 

0 

0 

0 



032 

9 80 

d28 

30 







717 

2-MethyM-ethoxy 

008 

1.82 

d25 p 18 

1 8 

0 

0 

0 

D 

I 

0 



.032 

7 23 

d67 p 19 

2 8 







718 

f-Ethyl-ff -ethoxy 

.003 

1 93 

d 15 p 13 

1 10 

depressor 

0 

0 

D 

0 

0 



084 

15.44 

d70 

10 







719 

f-n-Propj M-ethoxy 

003 

2.05 

d 18 p 10 

1 3 

depressor 

0 

1 “ 

D 

0 

0 



.084 

18 38 

dS3 

2 







720 

*-n-Butyl-S-ethoxy 

.003 

2.18 

d 7 p 7 

1 2 

depressor- 

0 

0 

S 

I 

D 



032 

8 84 

d48 

20 

prawr 







d, depressor; p. pressor; D. decrease, I, increase; 8, aensiUted: R. reversed, 0, no change 
* These figures are duplicates of those reported elsewhere (S) and (7). 

Each compound was tested on two dogs 

Only the results of minimum and maximum doses are recorded 

dose was repeated following vagotomy and again following the administration 
of atropine, 1 mgm./kgm., intravenously, in order to estimate the possible 
central or peripheral parasympathetic effects. 

IV. Smooth muscle effects. Isolated organs. The qualitative effects of these 
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isoquinoline derivatives on the tone of smooth muscle (segments of the small 
intestine and of the uteras of virgin adult rabbits and the whole uterine horn of 
virgin adult guinea pigs) are summarized in table 4. 

The segments were suspended in Van Dyke-Hastings solution (8) aerated by 
a mixture of 94% air and 6% carbon dioxide. The tissues were attached to 
smooth muscle levers and changes of tone were recorded on smoked paper. 

Organs in silu. The quahtative effects of the 6,7-dihydroxy derivatives on 
the intact intestine and uterus were tested in 5 non-pregnant cats and one rabbit. 

In animals anesthetized wth dial, 70 mgm./kgm., intraperitoneally, the 
changes in intestinal and uterine tone were recorded by the following methods. 

TABLE 4 


Effect of S-alkyl-1 ,S ,S ,i~telrahydroisoquinolinc hydrochlorides on tone of isolated 

smooth muscle 


KO. 

stbshttokt csodps 

CONCEN- 
TaATJON 
IN SATH 

SABBIT 

WnSTlNE 

XABBIT 

UT&ST7S 

OVZSZA 

PIC 

UTEKUS 

NXrUBEK 
OP TESTS 

778 

2-Ethyl-6 , 7-dihydroxy 

tHitli- 

molar 

0.2 


+ + 

-1- -1- 

2 

779 

f -n-Propyl-fl , 7-dihydroxy 

0.1 

— 

'4- "k 

+ + 

2 

780 

2-lBopropyl-6 , 7-dihydroxy 

0.1 

— 

4- ■+• 

-t- + 

2 

Ml 

^-n-Butyl-6 , 7-dihydroxy 

0.1 

— 

+ + 

4" 4- 

3 


S-n-Amyl-6 , 7-dihydroxy 

0.1 

— 

+ + 

4- 

2 

783 

f-IeoamyW, 7-dihydroxy 

0.1 

' 

4* -h 

-b -b 

2 

772 

2-Ethyl -d,7-dimethoxy 

0.2 

— 

+ + 

4- -f. 

2 

773 

2-n-Propyl-6 , 7-dimethoxy 

0.2 

— 

+ + 

-b + 

2 

774 

2-lBopropyl-6,7-dimethoxy 

0.2 

— 

+ + 

-b 

2 

775 

2-n-Butyl.d,7-diniethoxy 

0.2 

— 

+ -f 

4" 4- 

2 

776 

2-n-Amyl-6, 7-diniethoxy 

0.2 

— 

+ 

4- 4- 

2 

777 

f-Isoamyl -6, 7-dimethoxy 

0.1 

— 

+ + 

4“ 4- 

3 

717 

2-Methyl-6-ethoxy 

0.1 

— 

+ 

-b 

2 

718 

f-Ethyl-S-ethoxy 

0.1 

— 

+ + 

4- 4 

3 

719 

2-n-PropyI-d-ethoxy 

0.1 

— 

4- 4“ 

+ -b 

3 

720 

2-n-Butyl-6-ethoxy 

0.1 

— — 

+ + 

-b -b 

3 


— , moderate decrease; — — , marked decrease; +, moderate increase; + +» marked 
increase. 


A 6-inch loop of intestine was cannulated with a glass tube and ligatured distally^ 
and the intestinal lumen was filled with liquid petrolatum through the glass tube. 
A large tambour was used for recording changes in volume. The uterus was 
cut between ligatures at the ovarian end and freed of connective tissues to the 
base without disturbing the blood supply. A thread tied to the ovarian end was 
passed over pulleys and attached to a muscle lever. Drugs were injected and 
blood pressure recorded as described above. The compounds tested were given 
in 0.1 mM./kBi“- doses. Epinephrine was always used as a control. 

Discussion. Examination of table 2 reveals that the d, 7-dihydroxy deriva- 
tives of the ;2-alkyl-l,2,S,4-tetrahydroisoquinoline hydrochlorides, wth the 
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exception of the 2-isoamyl compound, were pure pressors with relatively long 
action. The d,7-dimethoxy derivatives of the homologous scries were pure 
depressors. There was little difference in potency but the f-amyl and 2-isoamyl 
derivatives had the longest depressor action. In small doses the d-ethoxy 
derivatives had a biphasic action consisting of an initial fleeting depressor fol- 
lowed by a longer pressor effect. In large doses they were usually depressor. 

It is apparent from the above results that the hydroxy groups in the 6,7 
positions conferred pressor potency. This is further evident from the fact that 
the analogous compounds of the same homologous series having the 6,7 positions 
unsubstituted were predominantly depressors (2). This corrobates the previous 
finding that hydroxy groups' increase the pressor potency of 1 ,2,5,4-tetrahydro- 
isoquinoline hydrochlorides (5), a rule established also for the analogous phen- 
ethylamines. 

As indicated by the response to paired doses, tachyphylaxis, a well-known 
property of pressors with cphedrine-like action, was observed only wth the long- 
lasting pressors. Parasympathetic effects were not present among these com- 
pounds since vagotomy and atropine had no influence on the blood pressure re- 
sponse to a paired dose. Some evidence for the sympathomimetic action of the 
pressor compounds was obtained. The responses to paired doses of the 0,7- 
dihydrox>"-2-cthyl, 2-propyl, and 2-isopropyl derivatives were increased by 
cocaine, 10 mgm. per kgm., intravenously, just as the epinephrine response was 
increased. The reaction to the corresponding dimetho.xy derivatives was pot 
increased by cocaine. Although in previous studies (5), cocaine did not increase 
the pressor action of hydroxy derivatives, other evidence for their sympathomi- 
metic action was deduced. 

The pressor response to epinephrine was scarcely influenced by the dihydroxy 
derivatives but was decreased by the dimethoxy and ethoxy derivatives. As 
shown previously (7), the 2-inethyl'd ,7-dimclhoxy derivative, in large doses, 
reversed the epinephrine response. The analogous tetrahydroisoquinoline hy- 
drochlorides having the 5,7 positions unsubstituted (7) were more potent 
adrenolytics than the present series. 

Respiration was not consistently affected by any group of compounds although 
the dihydroxy derivatives tended to depress while some of the other derivatives 
stimulated respiration. Pulse was usually slowed by most compounds. 

The reactions of isolated smooth muscle to this series of tetrahydroisoquinoline 
hydrochlorides were remarkably consistent. All of the compounds relaxed the 
intestine and stimulated both the rabbit and guinea pig uteri. In a previous 
series of tetrahydroisoquinoline compounds (5), it was observed that hydroxy 
derivatives usually stimulated the intestine, methoxy derivatives either stimu- 
lated or depressed and ethoxy derivatives usually depressed. The direct 
muscular stimulating action of the tetrahydroisoquinoline hydrochlorides on 
isolated uteri was observ’ed long ago by Laidlaw (9), The reactions of the 
isolated intestine, however, point to a direct muscular depressant action on this 
type of smooth muscle. 

The intestine and uterus of the cat and the rabbit in the intact animal were 
consistently stimulated by each of the 5,7-dihydroxy derivatives. 
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SUMMARY 

Three homologous series of ;?-alkyl-i ,;g,s74-tetrahydroisoquinoline hydro- 
chlorides having 7-dihydroxy-, e,7-dimethoxy- and fi-ethoxy- substituents 
were studied -vvith respect to toxicity and relative circulatory and smooth 
muscle effects. 

Toxicity increased as the length of the ;3-alkyl chain increased. The 5, 7-di- 
hydroxy derivatives were least toxic and the e,7-dimethoxy group was most 
toxic. The 6,7-dihydroxy group resembled well-known pressor compounds in 
the production of pilomotor effects, exophthalmos and salivation. The methoxy 
and ethoxy groups produced coarse tremors instead, of sympathomimetic symp- 
toms. 

The hydroxy-substituted compounds were pressors: the shorter carbon chain 
compounds had the greater potency and duration. 

The methoxy-substituted compounds were depressors; the longer carbon chain 
compounds had the greater potency. 

The ethoxy-substituted compounds had biphasic depressor-pressor action 
Tsdth small doses and were usually depressor with large doses. 

Tachj’-phylaxis was observed with some of the pressors. 

Vagotomy and atropine had no influence on the blood pressure response. 
Respiratory effects were inconsistent. 

Pulse rates were usually slowed. 

The epinephrine response was not affected by the hydroxy derivatives but 
was inhibited by methoxy and ethoxy derivatives. 

Smooth muscle effects were qualitatively consistent. The isolated intestine 
was relaxed and the rabbit and guinea pig uteri were stimulated by all the 
compounds. The 6 , 7-dihydroxy derivatives stimulated the intestine and uterus 
of the intact cat and rabbit. 
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This report deals with the chemical and pharmacological properties of a series 
of quaternary tetrahydroisoquinoUnium chlorides, having hydroxy, methoxj’, 
and ethoxj' groups in the 6 and 6 ,7 positions- The general formula is as follows : 




Ri' 





N— CH, 
Cl 


where R and are hydroxy, raethoxj* or ethoxy groups, or hydrogen. The 
secondary and tertiary analogs have been studied previously (1). 

Experimental. I. Chemistry. For the present work, the ;^-methyl-alkoxj'- 
J ,2,S,4-tetrahydroisoquinoUne compounds and the dialkoxy analogs were all 
obtained via the methiodides of the corresponding S,4*dihydroisoqumolme com- 
pounds, w'hich w'ere reduced with amc and sulfuric acid. 

The 5-methyl-alko:Q'-/,5,5,4*tetrahydroisoquinoline bases and the dialkoj^- 
analogs were readily converted into the corresponding methiodides by the action 
of methyl iodide in benzene solution. The methiodidc in aqueous solution, on 
treatment with silver chloride, gave the corresponding quaternary chloride. 
Heating wth cone, hydrochloric acid at I60-170'’C. demethylated the chlorides 
of the methoxy and dimethoxy compounds giving the hydroxy and dihydroxj' 
compounds in good yield. 

II. Toxicity. The methods used for the determination of LD 60 values were 
described in a previous paper (2). The results are given in table 2. Compara- 
tively speaking, these compounds were quite toxic. This is consistent with 
other data on quaternary tetrahydroisoquinolinium salts (3). The lack of more 
pronounced sympathomimetic symptoms is noteworthy in view of the pressor 
actions of these compounds. In all cases, a few short convulsive hops followed 
by a brief period of coma preceded death, which appeared to be due to respira- 
tory failure. 

III. Circulatory effects. The general circulatory' effects are summarized in 
table 3. The methods used were identical with those of a previous report (2). 

This representative series of quaternary tetrahydroisoquinolinium chlorides, 
with one exception, were pure pressors. The 5-hydro:0^ derivative had an initial 
fleeting depressor effect followed by a long pressor action. The analogous sec- 
ondary and tertiary methoxy and ethojQr tetrahydroisoquinoline compounds 
71 
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TABLE 1 


S,S-dimethyl-l,8,S,4-te(Tahydroisoquinolinium chlorides 





■ 



AKAXYSi:^ 



KO. j 

SI7BSTITt7ENT 

csotrps 

ABPSJUtAKCK 


I0MIX7IA 

Calcd. 

j Found 

SXCIY- 

ST. 




■11 


c 

H 

C 

H 





•c. (iorr,) 


% 

% 

% 

% 


725 

fi-Hydroxy 

Grayish flat 
pointed 
prisms 

27S.S 

dec. 

CjiH.,ONCl 


7.55 

61.96 

i7.62 

ME 

726 

5,7-Dihydroxy 

Pale fawn 
glittering 
flat leafy 
prisma 

Above 

285 

CnH..OjNCl 

57.49 


57.36 

7.15 

aAE 

721 

1 

1 

6-Methoxy 

Bulky tiny 
glittering 
meshed 
prisms 

176* 

C„H„ONCl 

63.27 

7.97 

63.35 

8.04 

i 

1 Bu E 

1 

7231 

6-Ethoxy 

Beautiful 
white silky 
leaves 

162.5* 

CiJI-oONCl 

64.57 

8.34 

64.79 

8.49 

AE 

722 

5,7-I)imethoxy 

I 

Tiny thin 
glittering 
plates 

267-268 

dec. 

C,.H«0,NC1 

60.66 

7.83 

1 

8.09 

ME 

724 

6,7-Diethoxy 

Glittering 
small plates 

226.5* 

CiOIs.OsNCl 

63.02 

8.47 

■ 

8.55 

AE 


M, methanol; A, ethanol; a, aqueous; Bu, butanol; E, ether. 

* Dried in vacuo for 12 hrs. at lOO'C. 

725 By demethylation of 721. 

726 By demethylation of 722. 

721 Cf. Buck, J. S.: J. Am. Chem. Soc., M: 3661, 1932; Heifer: Helv. Chim. Acta, 
7 : 945, 1924 for intermediate. 

723 Cf. Ide, W. S., and Buck, J. S.: J. Am. Chem. Soc., 69: 726, 1937 for intermediate. 

722 From 2-methyl-6,7-dimethoxy-I,2,S,.<-tetrahydro!SoquinoUne (base). Cf. Py- 
man: J. Chem. Soc. (Lond.), 96: 1266, 1909; Buck, J. S.: J, Am. Chem. Soc., 66: 
1769, 1934. 

724 Cf. Ide, W. S., and Buck, J. S.: loc. cit., for intermediate. 

TABLE 2 


Toxicity and symptomatology of 2,S-dimelhyl-l,2,S,4-tetTahydrQisoquinolitxium chlorides 


NO. 

suBsrrrrrNT 

GXOOPS 

VOLE- 

COIAK 

^TICHT 

ID SO 

SU5PE 

LOOTS 

or 

EKtOK 

yilOMOTOX 

tyTECTS 

CXOFHTSALUOS 

SAUVA- 

UON 

nzKOts 

■ ^ 













MJiitS 







725 

6-Hydroxy 

213.6 

25 

35 

97-103 

In large doses 

In large doses 


Coarse 

726 

6,7-Dihydroxy 

229.6 

33 

20 

MPlUi 

In large doses 

In large doses 



721 

e-Methoxy 

227.6 

31 

9 

85-118 




Coarse 

723 

6-Ethoxy 

241.6 

58 

22 

93-108 





7221 ^,7-Dunethoxy 

257.6 

20 

18 


Brief, marked 

Brief, marked 



724*1 6,7-Dicthoxj- 

285.7 

69 

6 

B 




Coarse 
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TABLE 3 


Relative e£:ects of S,S-dimelhyl'l,2,S,4'Mf^^y<^roiBoquinol{nium chlorides on blood pressure, 
respiration and pulse 



SirBSTTTCZKT 


1 

siooo rtxsstnE 

i 

§ 

i 

tITtCt 

or 

s S 

bl 

1 

SE 

X 

o 

B 






Ct.w 

Diuidoa 

VACOTOlfY 

P 

§ 

s 



nit./ 

mm./ 

kgm. 

mn.nt 

ntHHlet 







725 

d-Hydroxy 

(XH 

.80 

d 40 p 19 

<l 5 

0 

Abol- 

0 

S 

I 

D 



.032 

6.&4 

d40 p 90 

<1 IS 


ished 












dc- 












pres- 












Bor 





726 

e,7-Dibydroxy 

.001 

.23 

p 35 

2 

0 

0 

0 

s 

I 

D 



.003 

l.W 

plSO 

15 







721 

5-Methoxy 

.0005 

.113 

p 11 

1 

0 

0 

D 

s 

I 

D 



.004 

.91 

p 152 

5 







723 

d-Etboxy 

.002 

.48 

p 25 

2 

0 

0 

D 

s 

I 

D 



.032 

7.72 

p no 

20 







722 

d,7»Diraethoxy 

.00025 

.061 

p 10 

1 

0 

0 

D 

s 

I 

D 



.004 

1.03 

pl50 

6 







724 

d, 7-Diethoxy 

.002 

.57 

p 46 

3 

0 

0 

0 

s 

I 

D 



.008 

2.28 

p no 

6 








D, Decrease; I, increase; S, sensitized; 0, no change or effect; d, depressor; p, pressor. 
Each compound was tested on two dogs. 


TABLE 4 

Effect of S,S'dimethyl-i,g,S,i-lelrahydroisoquinolimum chlorides on tone of isolated 
smooth muscle 


NO. 

BUBSTITVtMT CXOCrS 

CONCCNTtATICVX 

IM BATH 

BAtsrr 

iirresTiHC 

HABBtT 

UTCXVS 

COTNZA rto 
nrztijs 

KCITBCB 
or TESTS 

725 1 

d-Hydroxy 1 

mtUi'WeUr 

0.1-O.2 

(+“) 

+ + 

+ 

2 

726 

d, 7-Dihydroxy 

0. 1-0.2 

(+-) 

+ + 

+ + 

2 

721 

d-Methoxy 

0.1-O.2 

(+-) 


+ + 

5 

723 

d-Ethoxy 

0 1-0.2 

1 


+ + 

2 

722 

d,7-Dimethoxy 

0.1-0 2 

— 

+ 

+ + 

2 

724 

d, 7-Diethoxy 

0.I-O.2 

— 

+ + 

+ 4- 

2 


— , moderate decrease; , marked decrease; +, moderate increase; + +, marked 

increase; (H ), increase or decrease. 


were depressors or diphasic depressor-pr^sors (1). Apparently the conversion 
of the secondary and tertiary amines to quaternary salts has conferred pressor 
potency on the isoquinoline nucleus. 
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There was no evidence of tachyphylaxis among these pressors since paired 
doses gave equivalent responses. Vagotomy abolished the depressor phase of 
the 5-hydroxy derivative, indicating that this was a central vagus stimulating 
action. Vagotomy had no effect on the activity of the other compounds. 
Atropine inhibited the paired dose response of three of the compounds. A simi- 
lar inhibitory action of atropine on the pressor effect has been found for quater- 
nary salts of phenethylamine derivatives (unpublished data.). The epinephrine 
response was potentiated by each compound. Respiration was consistently 
stimulated during the early part of the blood pressure action. Pulse was con- 
sistently slowed. 

IV. Smooth muscle effects. The smooth" muscle effects, summarized in table 
4, were obtained on isolated tissues by methods previously described (2). 

The first three compounds had mixed effects on the intestine, at times either 
stimulating or relaxing, while the other compounds consistently relaxed the in- 
testine. All of the compounds stimulated both the rabbit and guinea pig uteri, 
a reaction characteristic of many isoquinoline derivatives (2). 

SUMMARY 

Representative quaternary tetrahydroisoquinolinium chlorides, substituted in 
the 6 and 6,7 positions rvith hydroxy, methoxy and ethoxy groups, were studied 
for their relative toxicities and effects on circulation and smooth muscle. 

In accordance with other data on quaternary tetrahydroisoquinolinium chlo- 
rides these compounds have been found to be relatively quite toxic. 

These quaternary tetrahydroisoquinolinium chlorides were predominantly 
pressor in contrast to analogous secondary and tertiary isoquinoline derivatives. 

Vagotomy abolished the depressor phase of the 5-hydroxy derivative, and 
atropine inhibited the pressor phase of three of the compounds. 

Respiration was consistently stimulated. 

Pulse was consistently slowed. 

Epinephrine was sensitized by all the compounds. 

Isolated intestine was depressed by some compounds and both stimulated and 
depressed by others. Rabbit and guinea pig uteri were stimulated. 
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Nutritional research during the last decade has sho%vn that riboflavin, G ,7- 
diniethyl-5-[J^-d-ribityl]* isoalloxarine, is essential for the growth of bacteria and 
for the nutrition of a wdc variety of animal species including chickens, rats, 
dogs and swne. Its importance in the nutrition of man was demonstrated by 
Scbrell and Butler (1) who by experimental deprivation of riboflavin produced 
a deficiency disease, “ariboflavinosis.” Their observations and the response of 
this deficiency syndrome to the administration of riboflavin have been confirmed 
by numerous clinicians and it has been stated recently (2) that ariboflavinosis is 
possibly the most prevalent uncomplicated avitaminosis. In view of the wde- 
spread recognition of the importance of riboflavin and of the recommendation 
to restore to flour and bread the riboflavin which is lost through the milling 
process, it has seemed advisable to study its toxicologic and pharmacologic 
effects. 

Kuhn and Boulanger (3) failed to produce toxic effects in a mouse following 
the intraperitoneal injection of 340 mgm. of sodium riboflavinate per kgm. body 
weight. Demole (4) found riboflavin to be non-toxic to fishes, frogs, mice, rab- 
bits, cats and dogs follo\\’ing single or repeated doses ranging from 1 to 50 mgm. 
per kgm. body weight. Rats tolerated the oral administration of 40 mgm. of 
riboflavin repeated on 4 consecutive days. Widenbauer and Wedeweyer (5), 
upon feeding riboflavin in doses varying between 0.15 and 1 mgm. to a small 
group of rats over periods extending to 36 days, likewise, failed to observe toxic 
effects. 

Crystalline riboflavin is soluble in water only to an amount of 11 mgm. in 100 
cc. Sodium riboflavinate possessing the same vitamin activity as the riboflavin 
base is more soluble in W'ater (2%). However, the large doses required in the 
toxicity studies could be administered only in the form of 2 to 10% aqueous sus- 
pensions of riboflavin or of sodium riboflavinate. 

Acute toxicity. Oral administration of aqueous suspensions of 10 grams of 
riboflavin or sodium riboflavinate per kgm. body weight was tolerated by rats 
without evidence of toxic effects. Likewise, the subcutaneous injection of ribo- 
flavin in doses of 5 grams per kgm. produced no toxic effects. Failure to absorb 
riboflavin in sufficient quantities under these conditions was suggested by the 
intensive yellow color of the faeces of the rats and the findings of 'massive de- 
posits of riboflavin at the site of the subcutaneous injections as long as 10 days 
after the administration. Sodium riboflavinate, however, w'as more readily ab- 
sorbed from the subcutaneous tissues. From the peritoneal cavity, riboflavin 
and sodium riboflavinate seemed to be equally well absorbed. Only traces of 
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the vitamin were found in the peritoneal cavity of rats 3 days after the intra- 
peritoneal injection of 300 mgm. per kgm., and no difference in toxicity between 
the two compounds was observed when this mode of administration was em- 
ployed. The results obtained from the total of 400 rats and expressed by the 
L.D. 50 following oral, subcutaneous and intraperitoneal administration are 
summarized in table 1. The low solubility of the vitamin precluded a determin- 
ation of the toxicity foUowng intravenous injection. 

The injection of toxic doses was followed by a period of anuria for 1 or 2 days, 
and only scant amounts of deep yellow colored urine were excreted after this 

TABLE 1 


Acute toxicity of riboflavin and sodium riboflavinate in rats (ISO-SOO grams) 
L.D. 50 (gram per kilogram body weight) 



OlUI. 

SUBCUTANEOUS 

INTRA- 

BERITONEAI. 

.. 


>10.0 

>10.0 

5.0 

f 

Sodium riboflavinate 

0.79 

H 




Fig. 1. Cox'CRETioNs (Bright Yellow Crystals) in the Kidney of a Rat 48 Hours 
AFTER Intraperitoneal Injection of 600 Mgm. of Riboflavin per Kgm. 

Body Weight 

period. Tlie rats became listless, refused food, and in spite of the anuria, lost 
rapidly in weight. Tremors were frequently observed. Death occurred within 
2 to 5 days. On autopsy, the kidneys had a mottled brownish yellow appear- 
ance and were found to contain considerable amounts of bright yellow crystals 
in the collecting tubules and the pelvis, as shown in figure 1. Concretions were 
found in the kidneys of all animals killed either b 3 ’ riboflavin following intra- 
peritoneal administration or by sodium riboflaYunate following intraperitoneal 
and subcutaneous injection. The histopathologic findings on the kidne 3 's will 
be described elsewhere bY”^ Dr. Wm. Antopol (6). Through the courtesy of 
Dr. J. V. Scudi, determinations of urea by' Karr’s method (7), and of creatinine 
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by the method of Folin-Wu (8), were mode in the blood of 8 rats injected wth 
600 tngm. of ribofla^n per kgm. The determinations carried out after a 12 hour 
fasting period on the second day following the administration of riboflavin re- 
vealed a ten-fold increase in urea and a three to five-fold increase in the creatin- 
ine, whereas the blood levels in a control group of 6 rats fell within the normal 
range. 

In an attempt to accelerate the excretion of riboflavin in order to prevent or 
modify the formation of crystals in the kidney, 3 groups of rats were given water 
in an amount of 1, 2i or 6% of body weight respectively, 4 times every 24 hours 
by stomach tube. In rata receiving laige amounts of water, the period of anuria. 
was shortened to 12 hours. The forced feeding of water, however, did not pre- 
vent the formation of concretions and no difference in survival time was found 
between the groups receiving different amounts of water. 

Following oral or subcutaneous administration of riboflavin in doses of 10 and 
5 grams per kilogram respectively, no crj’stals were found in the kidneys. 

A peroral dose of 2 grams of riboflavin per kilogram was tolerated by 3 dogs 
without evidence of toxic symptoms. There was no change in the amount of 
urine excreted. Microblolopcal determinations of the riboflavin content of the 
urine, kindly performed by Dr. R. H. Silber, revealed that only very 'small frac- 
tions of the dose ingested were excreted in the urine : 0.1% of the dose of 2 grams 
per kilogram were recovered during the first 24 hours. Thereafter the excretion 
of riboflavin fell off rapidly and returned to normal levels after 12 days. The 
dogs were sacrificed 8 hours, 36 hours and 17 days respectively after the admin- 
istration of riboflavin. Microscopic examination of the kidneys failed to show 
pathologic changes. 

Chronic toxicity. Daily doses of 10 mgm. of riboflavin were fed to wean- 
ling male and female rats over a period of 140 days. , The animals showed nor- 
mal development and their average growth rate did not differ significantly from 
that of a control group (table 2). The animals were mated, and normal litters 
averaging 10 young rats were obtained from both the ribofla\’in fed group and 
the control group. Offspring of the first generaion were again fed daily wth 
10 mgm. riboflavin after they reached the age of 3 weeks. Daily feeding of 
riboflavin over periods of 140 days were continued through 3 generations. No 
difference in the development, growth, maturation or reproduction was observed 
between the rats fed riboflavin and those of the control group (tabic 2). Pre- 
mature birth of offspring, claimed to be caused by the administration of ribo- 
flavin in pregnant rats (9), did not occur in these experiments. Autopsies at 
the end of the feeding period did not reveal any gross changes in the organs. 

Four young dogs, started at 10 weeks of age, were fed 25 mgm. per kilogram of 
riboflavin daily over a period of 6 months, with 2 litter-mates serving ns controls. 
Their growth was normal and no toxip ^mptoms were observed. All dogs were 
sacrificed at the end of the feeding period. Macroscopic examination of the 
organs failed to reveal any changes. 

Effect on metabolism. The action of riboflavin on the metabolism of rats 
was studied by the method of Richards and Collison (10). The rats were dc- 



78 KLAUS UIWA AND JOSEPH G. GBESLIN 

prived of food for 16 houre prior to the oral administration of 1 or 10 mgm. of 
riboflavin respectively. No change in oj^gen consumption was found in these 
rats oh observing the animals for 3 hours after the ingestion of the vitamin. 
Furthermore, the oxygen consumption of rats fed 10 mgm. of riboflavin daily 
was" found unchanged after a period of 9’ days. 

In view of the anuria, observed following lethal doses of riboflavin, the effect 
of orally administered riboflavin on water metabolispi was studied in 16 rats of 
300 gram average body weight. The diuresis of groups of 4 rats was followed 
using the diuresis recorder of Kniazuk (11). The normal excretion following 5 
cc. of tap water per 100 gram body weight was first established for each group. 
Doses of 1 or 10 m^. of riboflavin respectively given simultaneously with the 
Water changed neither the rate nor the amount of urine excreted (fig. 2). 

TABLE 2 

Growth of ypuT^ rate receiving riboflavin daily by mouth 


AVZXACE VTCWnr (OEAUS) A7TZX 



20 days 

SO days 

loo days 

140 days 


Males 

mm 

mmki 


Females 

Males 

jpemales 

Males 

jpemales 

Control. Stock diet only: 

11 males, 11 females, Ist genera- 
tion 

96 

87 

222 

166 





12 males, 12 females, 2nd genera- 
tion 

83 

78 

123 

156 

349 



242 

12 males, 12 females, 3rd genera- 
tion 

91 

80 

241 

169 

339 

214 

381 

239 

10 mgm. riboflavin daily: 

10 males, 10 females, 1st genera- 
tion... 

98 

83 

230 

154 


206 

347 


12 males, 10 females, 2ad genera- 
tion 

95 

88 

235 

167 

344 

236 

412 

259 

12 males, 12 females, 3rd genera- 
tion 

91 

84 

239 

171 

351 

219 

416 

246 


Effect on circulation and smooth muscles. The blood pressure and 
the respiration of 6 cats under nembutal or dial anesthesia were not significantly 
influenced by intravenous injections of sodium riboflavinate in doses ranging 
from 2 'to 40 mgm. per kgm. The heart rate recorded simultaneously with the 
blood pressure by the method of Unna and Kniazuk (12) remained unchanged. 

Gn the smooth muscles of the isolated intestine of the rabbit, the vitamin was 
likewise without effect. Concentrations of sodium riboflavinate up to 1 : 10,000 
did not alter the intestinal tone nor the rythmic contraction. Spasms of the 
intestine induced by acetyl choline were not influenced by the vitamin. 

Discussion. Riboflavin administered in excessive amounts by mouth was 
found to be non-toxic in dogs and rats. In this respect it resembles pantothenic 
acid (13), but differs from other \'itamins of the B complex, thiafnin (14), nico- 
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tmamide (15), or pyridoxine (16), (table 3). The absence of toxic effects may 
be explained by a failure to absorb the vitamin in sufficient quantities from the 
gastro-intestinal tract. Following intrapeiitoneal injection, however, riboflavin 
produced death due to kidney concretions and ensuing anuria and azotemia, 
its toMCity being of the same order of magnitude as that of pyridoxine or panto- 
thenic acid. It is the only member of the group of B vitamins other than pyrid- 
oxine (16) which may produce specific toxic manifestations when admimstcred 
in excessive doses. 



Fio. 2. CoNTiKOOUs Recordiko of the Dioresis or 4 Rats Followino a Dose of 5 cc. 
OF Tap Water per 100 Grams Boot Weight 
A, water alooe; B, water and I mgm. riboflavin per rat; C, water and 10 mgm. ribo- 
flavin per rat. 


TABLE 3 


Compariton of (he L.D. SO of riboflaoin, nicotinamide, pyridozine and pantothenic acid in 
rats follotcing oral, tubculaneoue and intravenous administration 



OIAL 

SUBCtrtAMXOVS 

Qrti4VENOVS 

Riboflavin 

>10.0 

>5.0 

0.560* 

Nicotinamide .... 

3.5 

2.7 

2.2 

Pyridoxine ... . . • 

5.5 

3.7 

0.657t 

Pantothenic acid - • • 

>10.0 

3.4 

0.830 


* Intrapeiitoneal adnsiniatration. 

t According to Weigand, Eckler and Chen, Proc. Soe. Exp. Btol. & Med., 44: 147, 1940. 


The absence of any toxic effects in airoals fed riboflavin in amounts represent- 
ing about a thousand times the daily requirement in experiments extending over 
periods of 5 months corresponds well with similar findings on pyridoxine and 
pantothenic acid. Furthermore, the pharmacological inertness of ribofla\’in in 
animals maintained on adequate diets parallels that of previously studied mem- 
bers of the vitamin B complex. 

Acknowledgement. Appreciation is expressed to Dr. H. Siegel for the pathologi- 
cal studies and to Mrs. T. M. Edison for the measurement of the oxj’gen con- 
sumption reported in this paper. 
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SHMILART 

1. The L.D. 50 of riboflavin in rats following intraperitoneal administration 
is 560 mgm. per kgm. Death occurs within 2 to 5 dal's with signs of anuria and 
azotemia and is due to obstruction of the Iddney l^v concretions. 

2. Oral administration of ribofla'vin to rats (10 grams per kgm.) and to dogs 
(2 grams per kgm.) failed to produce any toxic effects. The low solubility of 
riboflavin prevents its absorbtion from the gastro intestinal tract in amounts 
sufficient to produce toxic effects. 

3. Daily administration of riboflavin over periods of 4 months to rats (10 
mgm.) and dogs. (25 mgm. per kgm.) failed to produce any toxic manifestations. 
Eats receiving 10 mgm. daily were raised through 3 generations. 

4. The metabolism, the circidatory and respiratory systems, and isolated 
smooth muscle organs of animals maintained on adequate diets are not influ- 
enced by riboflavin. 
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In a previous investigation (2), several derivatives of cymarin and stropban- 
thidin were studied '^dth the purpose of determining the relative importance of 
chemical groupings in the two molecules. The results are instructive and add 
to our understanding of digitalis chemistrj' in general. Eventually it is hoped 
that synthetic products having a digitalis-Hke action may be developed. Since 
the cardiac action depends among other factors upon the presence of the un- 
saturated lactone ring, a serice of simple lactones were prepared (3-11) and sub- 
jected to pharmacologic investigation (12). Indeed, /S, 7 -angelica lactone, and 
methyl and ethyl coumalates showed some evidence of a digitalis-like action in 
frogs, but not in cats. lirayer, Mendez, and de Espan^s (13) observed similar 
effects on the isolated frog’s heart with^, 7 'angelicalactone, a,^-angelicalactone, 
crotonolactone 7 -acetic acid, and the methyl ester of crotonolactone 7 -acetic 
acid. linstead and Krayer (14) also demonstrated the systolic effect of 1- 
ascorbic acid, which has a lactone ring, on the frog’s heart. 

Another line of approach has been to utilize the molecules of aglycones, such 
as strophanthidin, and to introduce various radicles on to the steroid ring system 
through the hydroxyl groups. Seven synthetic glycosides and the acetate of 
strophanthidin have now been prepared in the department of chemistry, 
Columbia University. The chemical procedures will be presented elsewhere 
(15). The present communication deals with the comparison of potencies of 
these substances in cats and frogs. 

The names of the compounds and their partial structural formulas are shown 
as follows: 





HCO 

ch,co.o!^‘s^ 

Strophanthidin Acetate 


* Read in part at the Boston meeting of the Federation of American Societies for Experi- 
mental Biology, 1942 (1) 
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HCO 



CHj.OOCCHj 

Strophanthidin-^- 

tetraacetyl-d-glucoside 


HCO 



Strophanthidin-/S- 

triacetyl-d-xyloside 


HCO 



Strophanthidin-jS- 

triacetyl-Z-arabinoside 


HCO 



CH2OH 


Strophanthidin-iS-d- 

glucoside 

HCO 



Strophanthidin-/3-d- 

syloside 


HCO 



Strophanthidin-/3-i- 

arabinoside 
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HCO 



CHfOOCCH, 

Strophanthidin-j3- 

tetraacetyl-d-galactosidc 

It is obvious that in each case substitution takes place at the secondarj' OH-group 
on carbon atom 3 of strophanthidin. The acetate has been previously prepared 
and investigated by Neumann (16). 

For animal experiments, a stock solution of 0.1 per cent of each compound 
was made. Since the glycosides are not entirely soluble in water, various 
amounts of ethyl alcohol were required — 33.25% by volume for strophanthidin- 
/S-tetraacetyl-d-glucoside, -triacetyW-arabinoside, and •d-xyloside, and strophan- 
thidin acetate; 47.5% for strophanthidin-/3-l-arabinoside and -d-glucoside; 57% 
for 6trophanthidin-/3-tetraacetyl-d-gnlactoside; and 95% for strophanthidin-^- 
triacetyl-d-xyloside. Dilutions of 1:100,000 of 6trophanthidin-/3-Z-arabinoside, 
-d-xyloside, and -d-glucoside, and strophanthidin acetate w’ere employed for 
intravenous injection in cats. Dilutions of 1:12,500 of strophanthidiir-/3-tetra- 
acetyl-d-glucoside, -tetraacetyl-d-galactoside, and -triacetyl-f-arabinoside, were 
used for the same purpose. Strophanthidin-^-triacetyl-d-xyloside is so insoluble 
that a 0.1% solution in 95% alcohol by volume was injected at the rate of 0.04 
cc. per minute, each time followed by 1 cc. of saline solution — ^in the same manner 
as in the case of scillaridin A (17). 

In frogs strophanthidin-/3-l-arabinoside, -d-xyloside, and -d-glucoside were 
administered in 1:20,000 concentrations; strophanthidin acetate in 1:4000; and 
the remaining members of the series in 1 : 1000. 

Preliminary tests indicated that each of the above compounds possesses a 
digitalis-like action as evidenced by systolic standstill of the frog’s ventricle and 
emesis in cats following sublethal doses given by vein. During the slow injec- 
tion of dilute solutions intravenously, diminution of the heart rate, premature 
beats, arrhythmia, secondary tachycardia, and finally ventricular fibrillation, 
could be distinguished by auscultation in etherized cats. Their action upon the 
heart resembling that of digitalis was unmistakable. This is to be expected 
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because the lactone ring and the stereochemical isomerism have remained intact 
in all the molecules. 


TABLE 1 


Assay in cats 


COMPOUND 

sex 

BODY WEIGHT 

DOSE TO KILL 

MEAN XXTHAL DOSE db STANDAtD 
ERKOR 



igm. 

ttgm. per kgm. 

ttgm. per kgm. 

Strophanthidin 

F 

2.632 

403.3 

306.2 db 38.7 


F 

1.537 

227.7 



F 

2.608 

372.7 




1.930 

223.8 



F 

2.346 

351.2 


Strophanthidin acetate 

F 

2.844 

123.1 

186.6 db 24.6 


M 

1.772 

272.6 




1.956 

191.2 




1.633 

212.5 



F 

1.699 

166.0 


Strophanthidin-^-tetra- 

F 

2.065 

1313.3 

1166 ± 125 

acetyl-d-gluooaide 

M 

2.058 

1648.2 



F 

2.417 

926.4 



F 

2.174 

953.1 



F 

1.944 

1130.0 


Strophanthidin-/3-d-gluoo- 

M 

2.198 

98.36 

91.3 ± 2.46 

side 

M 

2.663 

86.11 



mm 

2.525 

91.01 




2.216 

85.42 




1.740 

98.85 



BBi 

1.854 

80.91 



mSm 

1.969 

86.08 



F 

2.246 

106.18 



F 

1.772 

95.93 



F 

1.965 

87.02 


Strophanthidin-P-triacetyl- 

F 

2.210 

679.2 

591.6 dr 70.4 

d-xyloside 


1.873 

662.0 



mm 

2.424 

379.6 




2.077 

654.8 



H 

2.263 

760.1 


Strophanthidin-^-d-xyloside 


2.765 

102.71 

109.5 dr 4.39 



1.852 

93.41 



mm 

2.226 

104.67 



M 

1.862 

96.13 




1.808 

109.51 




1.714 

111.43 



M 

2.301 

144.93 



F 

1.655 

103.92 



M 

1.718 

122.81 



F 

1.968 

113.82 
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TABLE 1— Conclutfetf 


COUrOTMO 

sex 

BODY mClCBT 

: DOSZTOKIU. 

UXAN UTBAL DOSE db STAXOAIO 

txiot 



hm. 

: |>r". fff 

iitm. ftf 4fm. 

Strophanthidin-^-triacctyl- 

T 

2.435 

1278.0 

1230 ± 136.6 

2-arabmoside 

F 

1.802 

1784.7 



M 

2.006 

954.2 



M 

1.843 

1284.9 



F 

1.645 

1006.7 


Strophanthidin-^-I-arabino- 

F 

2.348 

81.77 

94.5 ± 2.95 

side 

F 

2.370 

90.08 i 



F 

2.289 

107.91 : 



F 

1.009 

99.00 



ht 

2.117 

8S.S0 



M 

1.659 

88.00 



F 

1.884 1 

113.32 



F 

1.979 ! 

01.46 



F 

1.87? 

91.10 



F 

1.663 

97.41 


Strophanthidin-^-tetraace- 

F 

1.862 

1695.0 

1692 ± 168 

tyi-d-galactoside 

F 

1.933 

1536.6 



M 

2 358 

1911.8 



F 

1.892 , 

2241.0 1 



F 

2 195 

1246.6 






110.1 sb 3.75* 


* This figure is the mean (geometric) of combined data published previously (18, 19). 


It was thus decided to study these substances in a sufficient number of cats and 
frogs, so that their potencies could be precisely determined. The method for 
cats was the same as that previously described (18), and that for frogs, according 
tq the U.S.P.XI (20). The results show a similar trend, and are summarized in 
tables 1 and 2. It should be noted that strophanthidin acetate is more potent 
than strophanthidin, confirmatory of Neumann’s findings (16). The introduc- 
tion of an acetyl group to the steroid ring system, however, may produce an 
opposite effect. Previously, it was demonstrated that acetylation of cino- 
bufagin and marino-bufagin reduced the cardiac- activity (21). On the other 
hand, deacetyl-oleandrin was shown to be le^ potent than oleandrin (22, 23). 

The four acetyl-glycosides are much less active than strophanthidin. The 
presence of a completely acetylated sugar molecule, therefore, e.verts an un- 
favorable influence upon the activity of the aglycone. Incidentally, low solu- 
bility in water is apparently not always attended by poor absorption and a rela- 
tively lower potency. For example, 9trophanthidin-/J-triacetyl-d-xj'Ioside, being 
only soluble in 95% alcohol, is stronger in both cats and frogs than the more 
soluble compounds, strophanthidin-^-tetraacetyl-d-glucoside and -totraacetyl- 
d-galactoside. 
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TABLE 2 


Assay in frogs 


COMPOUND 

DOSE 

NUUBES IN 
SYSTOIX/ 
NUMBER USED 

SD„ ± SX. 


#ifm. per gm. 


figm.per gm. 

Strophanthidin 

1.6 

0/5 

2.71 ± 0.49 


2.0 

2/5 



2.5 

2/5 



3.0 

4/5 



5.0 

2/2 


Strophanthidin acetate 

1.0 

0/5 

2.19 ± 0.13 


1.6 

1/10 



2.0 

3/10 



2.5 

7/10 



3.0 

9/10 


Strophanthidin-/3-tetraacetyl-rf-gIuco- 

5.0 

0/2 

18.77 ± 3.07 

side 

10.0 

2/5 



14.0 

2/5 



20.0 

1/5 



25.0 

2/5 



30.0 

5/5 


Slrophanthidin-^-d-glucoside 

0.35 

1/10 

0.S83±0.04 


0.40 

2/10 



0.50 

3/15 



0.60 

6/10 



0.70 

8/10 



0.90 

4/5 


Strophanthidin-P-triacetyl-d-xyloside 

7.0 

1/5 

8.07 ± 1.35 


10.0 

3/5 



14.0 

4/5 



20.0 

5/5 


Strophanthidin-^-d-xyloside 

0.40 

1/5 

0.64 ± 0.04 


0.50 

1/10 



0.60 

3/10 



0.70 

8/10 



0.90 

4/5 


Strophanthidin-/3-triacet5’I-?-arabino- 

4.0 

0/5 

6.33 d= 0.38 

side 

5.0 

3/10 



6.0 

4/10 



7.0 

6/10 



8.0 

4/5 



10.0 

5/5 
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TABLE ^Concluded 



t>OSE 

MinroEit n 
STST012/ 
NUWBEKCStS 

SOu^SE. 


l>(M. Ptf tm. 


Mtm.per tm. 

Strophanthidin-P-Larabinoside 

0.20 

1/10 

0 . 30 S ± 0.03 


0.25 

5/10 



0.30 

s/10 



0.35 

6/10 



0.40 

6/10 



0.50 

8/10 



0.70 

5/5 


Strophanthidin-^-tctraacctyl-d-galac- 

3 0 

0/2 

! 11.29 db 1.85 

toaide 

5.0 

1/8 



10.0 

2/5 



12.5 

3/5 



14.0 

3/5 



20.0 

4/5 


Ouabain 

0.7 

0/10 

0.828 ± 0.02 


0.8 1 

4/10 



0.9 

8/10 



The most interesting feature is that two dcacetyhglycosides, namely, strophan- 
thidin-/3-d-glucosidc and •/•arabinoside, arc not only more potent than strophan- 
thidin, but also more potent than the natural glycoside cymarin. They are the 
first examples which show the superiority of synthetic cardiac glycosides over the 
natural ones. The third deacctyhglycoside, that is, strophanthidin*i9*d-xylosidc, 
is also decidedly more active than strophanthidin. Its mean lethal dose in cate 
appears smaller than that of cymarin, but it is not significantly different from the 
latter. In frogs, however, it is very probably more active than cymarin, since 
the latter has about the same actuity as ouabain (18). There is no question 
that strophanthidin-jS-d-xyloside, too, is highly potent, and has at least the same 
activity as cymarin. In another report (24), it was shown that in cats, at least, 
deacetyldigilanids A and B were less potent than digilanids A and B, respectively. 
It is, therefore, not possible to postulate with certainty the favorable influence of 
deacetylation of the carbohydrate constituent. 

SUMMARY 

1. Strophanthidin acetate and 7 synthetic glycosides of strophanthidin all 
have a digitalis-like action. 

2. When assayed in cats and frogs, strophanthidin acetate, strophanthidin- 
^-d-glucoside, -d-xyloside, and -l-araVmoside, prove more potent than strophan- 
thidin. Strophanthidin-/3-tetraacetyl-d-glucoside, -triacetyl-d-xyloside, -tri- 
acetyl-f-arabinoside, and -tetraacelyl-d-galactoside, on the other hand, are 
weaker than strophanthidin. 
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3. Strophanthidin-/3-(i-glucoside arid -Z-arabinoside are also more potent 
than eymarin, the natural glycoside from which strophanthidin is originally ob- 
tained. Strophanthidin-/3-d-xyloside is at least as active as eymarin. 

Acknowledgment. The authors are indebted to Dr. Frederick C. Uhle in the 
preparation of the glycosides, and Messrs. Frank A. Steldt, Robert C. Anderson, 
E. Brown Robbins, Chester C. Hargreaves, Harold Worth, and William T. 
.Winchester for their valuable assistance in numerous experiments. 
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Early experience vnih the administration of Demerol suggested that in some 
respects the action of this drug resembles that of morphine, but that the effect 
on the central nervous system is somewhat different and perhaps more profound. 
It has been shown (1, 2) that morphine addiction may alter the human electro- 
encephalogram in one of the following ways: 

1 . An individual showing a low amplitude, low percentage alpha rhythm shows 
an enhanced alpha rhythm during addition, the change being from one 
portion of the normal range to another. 

S. An individual originally having a good alpha rhythm shows little change 
during addition, except when the dosage is increasing rapidly beyond the 
level to which tolerance has been developed. Under these conditions slow 
waves are seen which disappear if the dose is held constant, and tolerance 
is allowed to catch up with the dosage. 

The study presented here w'as undertaken in an attempt to determine the 
cortical effects of repeated doses of Demerol using methods similar to those 
previously used in studying morphine. 

Methods. Five priaoner patieata, aervins senteacea locg enough to insure clinical 
recoveryafterwithdrawal, volunteeredforthestudy. All of these men had been previously 
addicted to opiates, but bad received no drugs for at least six months, hence records taken 
before the administration of Demerol are representative of the non-addicted state. 

Brmn potentials were studied with a four channel electroencephalograph, recording on 
photographic paper. An observer was afways with the patient to record movements and to 
insure the absence of sleep. 

Tremors were recorded from the right index finger, using the photoelectric recording 
method (3) which permits free finger movement nith no appreciable loading. 

Demerol was administered in initial doses of 100 mgm. After this first dose each man 
chose the site and frequency of his dosage to meet his particular desires. Limits of 300 
mgm. and II hours were imposed on the dosage. 

An electroencephalogram was taken each week throughout the study and at 15 day 
intervals following withdrawal, until the records returned to the pre-study types. Tremor 
records were not started until the study was underway, when it became apparent that abnor- 
mal tremors were an important part of the drug effect. 

Results. All of the patients took the drug at fairly regular intervals in 
gradually increasing doses. They occasionally reduced their dose voluntarily 
for short periods, when unpleasant effects developed, but in general they en- 
joyed the effects sufficiently to ask regularly for larger amounts. 

• f-methyl-4-phenyl-piperidine-4*carbomc acid ethyl ester, known in Europe as Dolan- 
tin This compound was supplied through the courtesy of Doctor 0. W. Barlow of the 
Winthrop Chemical Company, 

* Biophysicist, United States Public Health Service. 
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Each case showed grossly the same clinical picture, varying only in details. 
The common findings were constipation, exaggerated tremors, graduating into 
muscle twitches and finally into gross jerking of the extremities, hallucinations, 
increased sensitivity to sudden noise, and weakness in the extremities. The 
E.E.G.s also follow’ed the same course in each case. Slow waves were seen early 
in the study, and became progressively slower and of greater amplitude. 

The tremor records showed some rhythms at frequencies not far from normal 
with large swings occurring at irregular intervals. 

The following case histories are typical of the behavior patterns observed. 
The time in days is calculated from the date on which the administration of 
Demerol was started. The dosage figures give the total dose in milligrams, and 
the number of injections for that particular day. 

Case 1. The pre-study E.E.G., fig. 1 A, shows a normal, low voltage alpha rhythm in all 
leads, with no evidence of abnormal slow waves. 


Days 

Dosoie 


3 

825/9 

Complaining of inability to concentrate. 

6 

1100/11 

Constipated. 

12 

1500/12 

Jerking in sleep. 

14 

1500/11 

E.E.G. showed chiefly slow waves with bursts of high potential waves 
at 3-4 per second, fig. I B. 

17 

1500/10 

Perspiring profusely. 

21 

28 

1650/11 

Nervous, startle reactions to even slight unexpected noise. 

Drug withheld for 22 hours. Abstinence signs of mild intensity. 

35 

1800/10 

Exaggerated, involuntary tremors. E.E.G. showed bursts of slow 
waves interspersed with some normal activity. Finger tremor 
showed some frequencies comparable to those recorded from the 
cortex with large twitches at frequent intervale, fig. 1 D. 

47 

2000/10 

On awakening patient found he had bitten his tongue while asleep, 
but had no recollection of the incident. 

48 

2200/11 

Burets of laughter while asleep. 

60 

62 

2860/13 

Twitches and jerks more pronounced. The E.E.G. at this time 
showed slow waves at 2-3 per second, fig. 1 C. 

Drug withheld for 24 hours. Abstinence signs of moderate intensity. 

69 

3180/15 

Lost consciousness and fell on cement floor. Sustained bruises about 
head, and body burns from a cup of hot coffee he had been holding. 
Was unconscious for perhaps five minutes, "I just gotparalyzed.” 

70 

71 

2980/15 

Unable to move extremities on awakening. Violent jerking of ex- 
tremities. Was helped to sitting position and finally regained the 
use of limbs. 

Withdrawal. Marked signs of abstinence notable for the absence of 


the aching commonly experienced following morphine withdrawal. 
The slow waves in the E.E.G. persisted for 36 hours after withdrawal. 
Forty-eight hours after withdrawal there was a decided improvement 
in the cortical rhythms, fig. 1 E, but an exaggerated tremor persisted. 
The tremor wave form in fig. 1 E is typical of this period. This 
tremor persisted for several days but finally both tremor and cortical 
potentials returned to normal. 
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Fia 1. E.E.G s and Tbemods Recorded trom Case 1 

A. Pre-study records. 

D. 14 days after start of Demerol. Large slow waves appear from all head regions. 

C. 60 days after start of Demerol The large slow waves persist. 

D. 35 days after start of Demerol. The slow cortical activity is less pronounced but 
gross tremor movements occur frequently. 

E. Forty-eight hours after withdrawal. There is an improvement in the cortical records 
but an abnormal tremor is still present. 

50 microvolt calibrations. 1,1. frontal; 2, 1. central; 3, 1. occip.; 4, rt. occip.; T, right 
index finger tremor. 

1 sec. 
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Fig. 2. E.E.G.s and Tkemorb, Case 2 

A. Pre-study records — normal frequencies. 

B. 55 days after start of Demerol. Large slow waves in all leads. 

C. 67 days after start of Demerol. The rhythms arc further slowed. 

D. 55 days after start of Demerol. The large tremors have no cortical representation. 

E. Twenty-four hours after withdrawal. Slow waves and an abnormal tremor are still 

present. . . ™ , 

50 microvolt calibrations. 1, 1. frontal; 2. 1. central; 3, 1. occip.; 4, rt. occip.; T.nght 
index finger tremor. 

= 1 sec. 


Case 2. The preinjection record, fig. 2 A, shows a lack of synchronism between the hemi' 
spheres, but only normal frequencies are found. 

Days Dosage 

4 1175/12 Constipated. “Good medicine." 

5 1175/12 Very nervous. 

11 1675/12 Tn-itching while asleep. 

13 1700/12 Jerking veiy pronounced. E.E.G. showed many slow waves. 



CORTICAIj EFFECTS OP DEMEROL 


^3 


Dayt Doiat* 

' 15 1700/12 


19 1775/11 

23 

35 1770/10 


41 2160/12 

52 2400/12 

65 2860/14 


60 2470/13 

63 


67 2850/15 


70 


Talking and moaning while aaleop. While walking about ward 
staggered against the wall and raised his hands to protect lus head. 
Says something hit him on the head. Feelings of claustrophobia. 
Complains of loss of memory. Hallucinations about people touching 
him. Walks aimlessly about the ward. 

Drug withheld for 22 hours. Abstinence signs of mild intensity. 
Disoriented. Gets up frequently at night and walks aimlessly about 
the ward. The E.E-G. continued to show predominantly slow wave 
activity. 

Has di^culty in talking. 

Jumped out of bed with fists up to protect himself from an imagined 
assailant. Disorientation as to time. 

Disoriented. Wrapped 24 hour urine specimen bottle in a blanket 
and held electric fan before it to “cool it off.” When questioned by 
the attendants he returned to reality and was much amused at this 
incident. The E.E.O. at this time showed many large slow waves, 
fig. 2 B. The tremor showed some rhythms with frequencies approxi- 
mately equal to the cortical frequency, but with many large ampli- 
tude jerks, fig. 2 D- 

Worst twitches and jetfca so far. “Head feels numb.” 

Drug withheld for 24 hours. Abstinence signs of moderate intensity. 
Reports an absence of aching but says if he was on the street be would 
seek Demerol for relief. 

Fell backwards to floor while at urinal. Seised door knob to pull 
himself up and fell again. Cuts and abrasions about the head, but so 
signs of cortical damage. The E.E.G. taken a few hours before this 
incident showed largo amplitude slow waves from all leads, fig. 2 C. 
Withdrawal. Marked signs of abstinence. 


Twenty-four hours after withdrawal the E.E.G. showed less slow activity than 
the proceeding record but had not returned to normal, fig. 2 E. The tremor 
records continued to show large amplitude movements -vtith some rhythmic 
tremors. 

The results specifically described are typical of the findings in all of the eases. 
Slow waves appeared in the E.E.G. after only a few days of administration of 
Demerol. These slow weaves became progressively slow’er, increased in ampli- 
tude as the study progressed, and persisted for about forty-eight hours after 
withdrawal, after which there was a slow return to the original type of record. 

It has been shown (3) that in normals the frequency of the finger tremor is 
almost identical with the cortical frequencies, and that lesions below this level 
may result in an almost complete dissociation of these frequencies (4). The 
tremors recorded after repeated administration of Demerol show in general a 
component having a frequency not far from the frequency of the cortical rhythms. 
The correspondence is not as close as with normals, however, and there is no 
cortical component corresponding to the large twitches regularly recorded from 
the finger. 

Discussion. It seems evident that Demerol is a drug which can have a pro- 
found effect on the central nervous system. This can be seen both from the case 
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histories and the E.E.G.s. It is true that all of these men were taking large doses 
compared to the amount which would be giveii for the clinical relief of pain, 
since it is probable that in practise the dosage would rarely exceed 100 mgm eveiy 
4 hours (5) . Nevertheless they were using the drug as it would be used if it were 
legally available or could be obtained through illicit channels for the support of 
addiction. In fact if it were freely available it would probably be used to an 
even greater excess, for all patients frequently asked that the time interval of 
administration be reduced. 

When large regular doses of morphine are administered there are few effects 
comparable to those described. For short periods, when dosage exceeds toler- 
ance, slow waves are seen in the E.E.G. but these are mild compared to the large 
amplitude waves seen -vrith Demerol, and are more transient. Furthermore 
morphine produces no clinical signs similar to those reported here. The periods 
of loss of consciousness, and the tongue biting, suggest epileptiform attacks, and 
the E.E.G.s recorded at these times are not inconsistent with this. 

Although the tremor rhythms occasionally have frequencies approximately 
equal to the cortical frequencies the large finger twitches have no representation 
in the cortical records. The complete dissociation of this component of the 
tremor suggests that lower centers are strongly involved. These lower centers 
may in fact be the primary seat of the drug action, for after withdrawal the 
cortical rhythms return to normal morej)romptly than does the tremor. The 
parallelism bet^veen the clinical effects of Demerol and cases of Parkinsonism and 
chronic manganese poisomng suggests that the striate body is involved. 

CONCLUSION 

Demerol is a drug which has a profound effect on the central nervous system 
when used in quantities sufficient to satisfy the desires of addicts. These effects 
are of such a nature that serious harm might come to those who could obtain the 
drug in quantities sufficient to meet such requirements. If the drug were freely 
available abuse might occur, for all patients considered most of the effects 
pleasant and desirable, and stated that the discomforts following withdrawal 
were sufficient to discourage voluntary discontinuance. 
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An earlier paper (IJ reported that a series of phenanthrene derivatives, made 
in the course of the research program of the Drug Addiction Committee of the 
National Research Council, had a striking ability to modify the action of the 
isolated frog heart and the frog heart in situ. The action resembled block, but 
was not modified by atropine. The present note is offered to record that 9 of 
the more soluble members of the above-mentioned scries have been examined 
with respect to their action on! the mammalian circulation. A list of these 9 
substances follows. Reference should be made to the earlier paper for their 
structural formulae and physical properties. 

326. I-Dimethylamino-1 ,5,S,4-tetrahydrophenanthrene hydrochloride. 

257. S-Dimetbylamino-4-hydroxy-J,£,S,4-tetrahydrophcnanthrenc hydro- 
chloi^de. 

258. S-Piperidino-4*hydroxy-I ,S,3 ,4*tetrahydrophenanthrene hydrochloride. 

259. S-py-Tetrahydroisoquinoiino -4*hydroxy-I ,S,S,4 - tetrahydrophenan- 
threne hydrochloride. 

260. I-Hydroxy*:9-dimethylaimno-/,£,5,4*letrahydrophenanthrene hydro- 
chloride. 

262. J-Hydroxy-5-py-tetrahydroisoquinolino-/ , 5,5,4 -tetrahydrophenan- 
threne hydrochloride. 

150. 5-[5-(Diethylammo)-I-hydroxy-cthyl]-phenanthrene hydrochloride. 

352. 5-l3-(Diethylainino)-J-hydroxy-n-propyl]-phenanthrenehydrochloride. 

342. 5-[5-(Dietbylamino)-I-hydro)Qr-ethyl)-5,/0'dihvdrophenanthrene hy- 
drochloride. 

These are all new substances, and except for ;¥150, which was examined by 
Eddy (2), have not hitherto been studied wth respect to their action on the 
circulation. 

No pharmacodynamic actions specific to the group have been observed. Per- 
fused through the isolated rabbit heart by a technic developed in this laboratory 
(3) they cause a decrease in resistance to perfusion, decrease in amplitude of con- 
traction, and decrease in rate after larger amounts. In the intact animal (dog) 
under dial-urethane, intravenous injection of doses up to 5 mg per kilogram is 
followed by fall in blood pressure, decrease in nose volume, decrease in kidney 
volume, and a varying response, usually an increase, in the volume of the hind 
leg. Injection into the leg through the stump of the artery of the opposite side 
results in a more marked swelling of the leg. The duration of action is brief, 

* Aided by a grant from the David Trautman Schwartz Research Fund. 
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similar to that following nitroglycerine injections. The picture resembles that 
following Inorphine except that no tachyphylaxis occurs. Further, injection of 
morphine to production of tachyphylaxis does not modify the action of the 
phenanthrenes. When tested by the response of the renal vessels to fixed doses 
of epinephrine (4, 5), there is no adrenolytic effect. Myocardiograph experi- 
ments (cats) reveal no important depression of heart muscle. Nothing resem- 
bling the block observed in frog hearts has been seen in any of the experiments on 
mammals. 
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The influence of bile on the motility of the alimentary tract has been a subject 
for study and observation since ancient times (6). The majority of investigators 
in the past -40 years hai’e centered their attention on the effect of bile on small 
and large intestinal motility and have placed little or no emphasis on the response 
of the stomach (i-7). In 1922 Berti and Bcmucci (8) reported that the feeding 
of bile to dogs increased the speed of gastric evacuatioir. The converse was true 
when small doses of bile were injected intravenously, but when large amounts 
were so given an acceleration of gastric emptying resulted. Still and Carlson 
(9) found that the experimental production of jaundice in dogs diminished the 
rate and magnitude of gastric hunger contractions and shortened the period of 
activity. Freude (10) reported that the introduction of a 20% solution of 
dehydrocholic acid into the stomach of a patient wth pylorospasm produced 
relaxation of the spasm, increased the speed of emptying and increased the tonus 
of the stomach. Thomcr (U) noted that the speed of passage of a barium meal 
from the stomach was decreased in jaundiced dogs and humans and that the 
introduction of bile salts into the stomach increased the speed of gastric evacua- 
tion in dogs. Van Liere and Northrup (12) reported that the administration of 
a therapeutic dose (0.42 gram) of dehydrocholic add given 10 minutes before a 
barium test meal produced an average decrease of 21.2% in the gastric emptying 
time of four healthy young adults. Ackerman, Curl and Crandall (13) are in- 
clined to believe, on the basis of their experiments with bile fistula dogs, that bile 
has a stimulating effect on gastric emptying time after the injection of a fat 
meal. However, they found that there was an increase in rate of gastric evacua- 
tion in bile fistula dogs given a mixed meal. 

While studying the effects of feeding whole bile to patients with a variety of 
lesions, one of us noted (14) that the sjTnptom of anorexia was often relieved. 
Breliminary investigations of the influence on the dog’s gastric motility of whole 
hog bile and sodium a glycohyodesoxj'cholatc have been reported previously 
(15). We then determined to carry these investigations further, by noting the 
responses of the fasting stomach to whole bile of two different origins and to 
various constituents of bile, and also by studying the effect of whole bile on 
digestive contractions. This communication contains the results obtained. 

MsTnoo. Five dogs prepared by operation with gastric fistulae after the method of 
Carlson (16) have been used. After the animats had been trained and conditioned their 
gastric tonus and motility were measured by the balloon-manometer method. Fifty cc. of 
air was injected into the balloon and the cathetA- was connected to a bromoform manom- 
eter. The 50 cc.of air usually created a pressure of 3-6 cm. of water. The gastric tonus 
and motility were then recorded bj' Patterson's kymographic ink recording method (17). 

The whole bile used in the following experiments had been dried by vacuum distillation 
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at low temperatures* and then dissolved in water for introduction into the stomach; in 
some cases natural liquid bile of dogs and pigs was used directly. The bile salts utilized 
were isolated and purified from the whole biles. The various inorganic salts employed were 
C. P. reagents and were given in amounts corresponding with those found in the dried bile. 
A more or less empirical dose usually was utilized, i.e. 0.66 gram of bile in 10 cc. of water 
(or 2 grams in 30 cc. of water, sometimes 3.3 grams in 50 cc. of water), and the correspond- 
ing amount of bile salts or chemicals found in those quantities of bile. 

The average lengths of the gastric hunger resting and contraction phases were carefully 
determined for all of the dogs used in this study. In testing responses during the resting 
and contraction stages we assured ourselves that the particular phase was fully established 
and also that the phase was not normally approaching completion. The dogs were fasted 
lS-25 hours with an average of about 21 hours. 

Results. When whole hog, dog, ox or human bile was introduced into the 
quiescent" stomachs of dogs fasted 18-25 hours, typical hunger contractions were 
immediately produced (fig. 1 A) . This response was noted in 45 of 55 experiments 
and it was elicited to the same extent by all of the various whole biles. How- 
ever, when any of the whole biles were, introduced into a dog’s stomach during 
the contraction phase definite but relatively short inhibition of contractions was 
produced in 30 of 61 experiments. As hog bile contains sodium a-glycohyodes- 
oxycholate in excess of other bile salts and as there is predominance of sodium 
glyco- and taurocholate in ox and human bile we decided to determine the effect 
of these salts on the fasting stomach. When any of these salts were injected 
into the fasting dog’s stomach during the resting phase immediate contractions 
■)• were produced in 34 of 45 experiments, which results essentially paralleled those 
obtained when using whole bile (fig. 1C). On the contrary, if the bile salts were 
introduced during the gastric contraction phase inhibition was produced in 17 of 
41 instances. This effect, however, was less marked than that obtained with 
whole bile. 

As choline is present in the dried whole bile, the response to this substance, in 
the concentration found, was tested. No contractions were called forth in 14 
instances, and inhibition of contractions was produced approximately as when 
using bile salts (10 of 26 experiments). 

Introduction of plain water to the amount of 10-15 cc. failed to call forth 
contractions from the gastric resting phase in all of 5 instances (fig. IB) and 
caused mild inhibition of gastric hunger contractions in 10 of 32 times attempted. 
The effect on contractions in the contraction phase is much the same as that 
obtained with the bile, bile salts and choline, although the bile inhibition occurred 
somewhat more consistently. All of the whole biles, when introduced into the 
stomach, produced esentially identical responses. The same statement may be 
made concerning the various bile salts. 

It was then decided to establish the influence on the stomach of certain of 
those bile components which are present in gallbladder bile in a higher concen- 
tration than in blood serum. Previous studies (18) have demonstrated the 
presence of magnesium, calcium and potassium in dried whole bile in greater 
concentrations than in serum. As the concentration of magnesium in hog and 

* Supplied by Parke, Davis and Company. 
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ox gallbladder bile is 2-3 times higher than in serum its influence on gastric 
motility was recorded. An amount of magnesium chloride (0.025 gram in 50 cc. 
of water) corresponding to that found in 50 cc. of liquid whole bile when intro- 
duced into the dog’s stomach during the resting phase called forth several iso- 
lated contractions in three instances, twice produced a drop of tone and in two 
experiments resulted in no response. When iPjected into the stomach during 
the contraction phase transient inhibition and drop in tone resulted in G of 7 



■ . , ' • • the fasting stomach during the qui- 

escent phase. 

experiments, this being distinctly more pronounced than the effect of plain water 
alone. The response to magnesium phosphate and magnesium sulphate in both 
the resting and contraction phase was essentially the same as that to magnesium 
chloride. 

The concentration of calcium in whole hog or ox gallbladder bile is 1| to 2 
times greater than that found in serum. As the amount of calcium in 50 cc. of 
liquid whole hog or ox bile is approximately 0.0099 gram, the corresponding 
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quantity of calcium chloride (0.027 gram) dissolved in water was introduced into 
the resting stomach. Occasionally, twice this amount of calcium chloride was 
used. In 2 instances short periods of contraction resulted and in 6 instances no 
response was obtained except a slight rise in tone. The effect on the contraction 
phase was similar to that of magnesium. In 6 of 8 e.vperiments a transient in- 
hibition and drop in tone was observed. 

The amount of potassium present in gallbladder bile being 2-| to 4 times greater 
than in serum, this substance in the form of potassium chloride (0.075 gram in 
50 cc. water) ivas introduced into the stomach. In 5 of 6 experiments potassium 
chloride initiated hunger contractions in the resting phase which uniformly were 
identical to those produced by whole bile or bile salts (fig. 2A). After the sub- 



Fig. 2, A. Note immediate production of forceful contractions and increase in tone after 
introducing potassium chloride into the fasting dog stomach during the quiescent phase. 
B. Note that the subcutaneous injection of atropine during the gastric contraction phase 
produced a gastric resting phase during which the introduction of bile into the stomach 
failed to call forth contractions. 

cutaneous injection of atropine KCl failed to produce contractions in all of 4 
experiments and bile failed to produce contractions in all of 12 experiments (fig. 
2B), When potassium was introduced during the contraction phase the tone 
was diminished and inhibition of contractions occurred in similar fashion as when 
using plain water in 5 of 8 experiments. The action of sodium chloride on the 
stomach paralleled that of plain water. In 5 e.vperiments NaCl introduced 
during the resting phase evoked no contractions; in 3 of 6 experiments contrac- 
tions were inhibited. 

Experiments were then carried out to study the influence of bile on the dog’s 
stomach after the feeding or introduction of bacon, olive oil, gelatin, sugar, 
canned dog food, potatoes and beef heart. Shortly after the feeding of 100 
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grams of bacon fat or olive oil hunger contractions ceased. In onlj’ 2 of 24 experi- 
ments did the feeding of whole bile after the intake of fat call forth weak, tran- 
sient contractions in the digestion phase produced by fat. Introduction of 300 
cc. of concentrated gelatin solution or 25 grams of sugar in 100 cc. of water 
caused a cessation of gastric hunger contractions in 6 experiments and the sub- 
sequent introduction of bile did not effect the response (fig. 3). 

Following the injection of mixed dog food into the stomach small irregular 
digestive contractions occurred and in C instances no response was elicited by 
bile. After the feeding of potatoes slight digestive contractions occurred and in 
7 of 10 e.xperiments bile slightly diminished the tone and mildly inhibited con- 
tractions. In 3 cases no effect was noted after the introduction of bile. 

On the contrary the feeding of 2.27 grams of beef heart, carefully freed of fat 
and excess connective tissue, called forth digestive contractions similar to Carl- 
son’s type I and type 11 gastric hunger contractions in 12 instances, but some- 
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SUGAR INTRODUCED BILE INTRODUCED i 


Fio. 3. Note cessation of hunger contractions after introduction of 25 grams of sugar 
in 100 cc. o! water Subsequent introduction of 2 grams of hog bile in 30 cc. of water failed 
to produce contractions. 

times the contractions tvere reduced in magnitude. This response was similar 
to that obtained by Rlulinos (19) after the feeding of meat though the contrac- 
tions described by him corresponded more cli^ely to Carlson’s type III contrac- 
tions. The contractions occurred after a 6-8 minute interval of reduced size of 
contractions and rise of tone following the ingestion of the beef heart. Ox bile 
and hog bile placed in the stomach after meat feeding diminished the tone and 
contractions in the majority of instances (in 5 of 8 experiments) but in certain 
experiments (3 of 8 experiments) a definite rise of tone occurred (fig. 4). 

It appears that regardless of which kind of bile or bile salt is placed in the 
fasting dog’s stomach during the resting phase, similar responses are obtained. 
Wliole bile, bile salts and potassium chloride produce an immediate contraction 
phase of long duration, while only occasionally calcium and magnesium salts 
call forth isolated contractions under these circumstances. 

We are unable to state definitely whether the bile effect is exerted through 
nerv’c stimulation, but since in 12 experiments the subcutaneous injection of 1 
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mgm. of atropine during the contraction phase produced a gastric resting phase 
during which the introduction of bile or potassium failed to elicit contractions, 
the vegetative nervous system may be the mediator, perhaps by way of choliner- 
gic activity (fig. 2). The action of bile on gastric motility may be either upon 
the vagal endings directly or indirectlj' by way of a short inherent refle.\ mech- 
anism. 


EFFECT OF BEEF HEART ON GASTRIC . . DlGESTlVt CONTRACTIONS EFFECT OF B^.E ON OGESTTVE ‘ ' 

HUNGER CONTRACTIONS OF DOG, AFTEft BEEF HEART. ' • • .CONTRACTIONS AFTER BCEF’jORT. 

CONTRACnCN PHASE. ‘ - • '2 CWS. HOC BiLE M E5 cc. WATER 

-DOG FASTED «8 HOURS. 

227 CMS. BEEF HEART. . . . .. 



Fig, 4. Note production of type II hunger contractions and rise of tone, 6-8 minutes 
after the feeding of beef heart. Subsequent introduction of bile produced a rise in tone. 

TABLE 1 


Tabulation of results 


suBSTA.ver 
INTRODUCED 
INTO EMPTY 
STOMACH 

IFOUBEK OF 
EXPERIMENTS 

RESTING PRASE 

CONTRACTION PHASE 

Per cent 
experiments 
contractions 
induced 

Per cent 
experiments 
no contractions 
induced 

Number of 
experiments 

Per cent 
experiments . 
contractions 
inhibited 

Per cent 
experiments 
inhibition 
contractions 

Bile 

55 

81.8 

18.2 

01 

49.2 

60.8 

Water 

5 

0 

100.0 

32 

31.2 

68.8 

Bile Balts 

45 

75,5 

24.5 

41 

41.4 

58.6 

Choline 

14 

0 

100.0 

26 

38.5 

61.5 

NaCI 

5 

0 

100.0 

6 

50.0 

50.0 

KCI 

8 

83.3 

16.7 

8 

37.5 

62.5 

MgCl, .... 

7 

42.9* 

57.lt 

7 

85.7 

14.3 

CaCI, 

8 

25. Ot 

75.0 

8 

75.0 

25.0 


* Isolated contractions only, 
t In twenty-eight 5% drop of tone. 
X Few contractions only. 


However, one must be cautious in drawing conclusions from the results of the 
atropine e.xperiments, since the pharmacologic gastric resting phase provoked 
by atropine seems to be somewhat different from the physiologic gastric resting 
phase normally occurring between hunger contraction phases in the stomachs 
of fasting dogs. The physiologic resting phase is less stable and is of shorter 
, duration than the atropine-induced resting phase. Nevertheless, it seems justi- 
fiable to consider that the vagal components play an important part in the 
mechanism of the bile effects, since atropine prevents them. As bile frequently 
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is present in the healthy stomach, it is possible that its influence on motility may 
produce sensations of hunger. 

The results are summarized in table 1. 

SmiALlRY 

1. When certain dried whole biles or bile salts arc placed in a fasting dog’s 
stomach during the resting phase, gastric hunger contractions arc produced. 

2. When the foregoing substances arc placed in a fasting dog’s stomach during 
the contraction phase, transient inhibition occurred in slightly more than half of 
the experiments. This result roughly parallels the findings using water. 

3. Choline, in a concentration found in dried bile, does not call forth contrac- 
tions from the quiescent phase and produces inhibition of contractions approxi- 
mately as did bile. 

4., Several magnesium salts produced occasional contractions during the rest- 
ing phase in approximately 43% and caused inhibition of contractions in 85%. 

5. Potassium chloride, on the other hand, produced definite contractions dur- 
ing the quiescent phase and diminished the tone during the contraction phase. 

6. The feeding of certain foods such as fat, sugar and gelatin markedly inhib- 
ited hunger contractions and only occasionally did bile call forth contractions in 
the resting phase thus induced. 

7. The ingestion of beef heart produced contractions similar to hunger con- 
tractions but these contractions at times were of reduced magnitude. 

8. Neither the mechanism of the bile effect nor the exact substance producing 
this effect are knorni, but suspicion that the vngal components are involved 
seems warranted since atropine obliterates the effects of bile and certain of the 
bile components. 
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AND SODIUM PENTACHLOROPHENATE UPON 
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Cincinnati, Cincinnati, Ohio 

The effectiveness of pentachlorophenol and its sodium salt as preservative 
agents has led to their widespread employment in solutions for the treatment 
of wood and other products, and their use in various types of food containers and 
wrappers is contemplated. An appraisal of the hazard involved in the handling 
of these toxic compounds in technical dipping operations requires a knowledge 
of the local effects of single or repeated contacts of the substances with the skin, 
as well as of the rate and degree of their absorption following such exposures. 
The concentrations permissible in food containers can be determined only after 
exact information on their cumulative action has become available. 

Attention was first called to the toxicity of pentachlorophenol by Bechhold 
and Ehrlich, in 1906 (1), More extensive studies were carried out by Kehoe, 
^ Deichmann and IQtzmiller in 1939 (2) and bj' Boyd, McGavack, Terranova and 
' Piccione in 1940 (3) and 1941 (4). 

Tliis paper summarizes (A) the acute toxic effects (most of which were re- 
ported in detail in 1939 (2)), (B) local and systemic effects resulting from re- 
peated cutaneous applications, (C) cumulative effect of small oral doses, (D) 
distribution of pentachlorophenol in the tbsues, (E) detoxification of the com- 
pound by conjugation, and (F) effective removal of pentachlorophenol acci- 
dentally spilled upon the skin. The histopathological observations carried out 
in conjunction n-ith these studies uill be reported in a separate paper. 

Expehi.mentai. pbocedote EMPtOYED. Unless otherwise indicated, the hair of albino 
rabbits was clipped very short over an area of about 20 square inches on the belly , in prep- 
aration for skin applications. After an application an animal was kept for 2 hours under 
mild but efficient restraint, and then placed in a cage. The compound was not washed off. 

Since the studies on the distribution of pentachlorophenol in blood and tissues involved 
the withdrawal of blood samples from the heart at frequent intervals, it was necessarj' to 
employ several rabbits for each dosage. Blood was withdrawn from different animals at 
the successive periods in such order that the animat taken for the first sample was not used 
again until blood had been taken from eaeh of the others. 

The rats emploj'od were bom and raised in the laboratory from a colony received from 
the Wistar Institute. The rabbits were bought from a local breeder. The cats used for 
the feeding experiments were stray animals, and were kept under observation for one month 
before being used. 

Various solvents were employed for pentachlorophenol but sodium pentachlorophenate 
was always used in aqueous solution. All dosages have been expressed in terms of ponta- 
chlorophcnol. 

> Presented at the meeting of the American Society for Pharmacologj- and Experimental 
Therapeutics in Boston, April, 1912. 
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(A) SuMiLART OP ACUTE TOXIC EFFECTS. Pentachlorophenol or its sodium 
salt, U’hen absorbed in sufficient quantity, produced in all species of animals 
studied (dogs, rabbits, rats, guinea pigs), an acute toxic state characterized by 
increased blood pressure, hyperpyrexia (lO-t-lU^F.), hyperglycemia and gly- 
cosuria, hyperperistalsis, an increased and later a diminished urinarj' output, 
and rapidly developing motor weakness. In addition to these signs and symp- 
toms, dying animals showed complete collapse and asphjTdal convulsive move- 
ments. Rigor mortis was immediate and profound. The post-mortem evi- 
dences of injury were not specific and consisted largel}' of extensive damage to 
the vascular system, with heart failure and involvement of the parenchymatous 
organs. Pentachlorophenol applied culaneously caused a more or less pro- 
nounced edema of the skin, which in about a week became dry and UTinkled. 
Slight cracks developed and hair was lost completely from the treated areas, but 
the hair follicles and the deeper structures of the skin apparently suffered no 
permanent injury. Tables 1 and 2 summarize the minimal concentrations of 
these compounds lethal for rabbits, and give the LDiu dosage for rats. 

(B) Local and systemic effects resulting from repeated cutaneous 

APPLICATION OF PENTACHLOROPHENOL AND SODIUM PENTACHLOROPHENATE. To 

simulate the hazards attending the use of dipping mixtures, repeated cutaneous 
applications of pentachlorophenol or sodium pentachlorophenate in various 
solvents were made upon the skin of rabbits, and the effects were observed. 
Some of the preparations were administered daily, others once or tnice per week. 

(f) A one per cent solution of pentachlorophenol in mineral oil was applied 
to the akin of two rabbits in doses of 10 cc., corresponding to about 40 mgm. 
per Wlogram. At the end of four hours the excess material was wiped off with 
cotton and, without further washing, the animals were returned to their cages. 
Both animals survived 21 successive daily treatments without illness, loss of 
weight or injury to the skin. 

(5) Doses ranging from 10 to 50 ragm. of pentachlorophenol per kilogram, as 
a 4% solution in Stanolex Fuel Oil , were applied to the skin of the back of rabbits 
once or twice a week, for periods ran^ng from C to 61 weeks. The compound 
was not washed off. The local effects produced were the same as those induced 
by a single large dose. A rise in rectal temperature of 2-3®F. (measured 8 
hours after treatment) occurred occasionally after a dose of 10 mgm. per kilo- 
gram, and regularly after larger doses. Erythrocyte counts, differential counts, 
and hemoglobin determinations were made monthly. The fluctuations observed 
did not exceed those which occurred in untreated animals. There were no sig- 
nificant changes in body weight. Notwithstanding the absence of specific signs 
of poisoning, 8 of the 20 rabbits died during the experiment. Table 3 sum- 
marizes the dosages and the periods of treatment. Several rabbits were killed 
for pathological examination; the gross and histopathological tissue changes were 
in direct relation to the size of the dose and the period of treatment. 

(S) Similar experiments were made with the sodium salt (2% solution). 
On 32 successive days a rabbit was pveji the dose of 63 mgm. per kilogram. 
At no time did this animal show illness or injury" to the skin. Another rabbit 



TABLE 1 


The toxicity of pentachlorophenol and sodium pcntachlorophenate for rabbits 
{single administration) 




LETHAL j 
DOSES XN < 

TIME 

TILL 

DEATH 


COUPOtJND 

C0NCEJ;TaAT10N AND 
SOL\'ENT 1 

TEKXis or 

PENTA- I 
CHLOEO- j 

COMMENTS 



PHEKOL j 




Cutaneous administration 




mgm./hgm. 

krs. 


Pentachloro- 

5% in olive oil 



180 mgm./kgm. produced no 

phenol 




apparent ill effects 

Pentachloro- 

5% in 95% ethyl 



150 mgm./kgm. produced no 

phenol 

alcohol 



apparent ill effects 

Pentachloro- 

10% in 95% ethyl 



1111 mgm./kgm. produced acute 

phenol 

alcohol 



illness and local damage 

Pentachloro- 

11% in olive oil 



450 mgm./kgm. produced acute 

phenol 




illness 

Pentachloro- 

10% in corn oil 



326 mgm./kgm. produced no 

phenol 

Pentachloro- 

5% in Stanolex 

60-70 

15-4 

apparent ill effects 

phenol 

fuel oil no. 1 




Pentachloro- 

5% in Shell dione 

110-120 

5-65 


phenol 

oil 




Pentachloro- 

5% in Std. oil 



150 mgm./kgm. produced acute 

phenol 

(Ind.) pale par- 
affin oil 



illness and local damage 

Pentachloro- 

5% in Stanolex 

90-100 

lj-3 


phenol 

furnace oil 




Pentachloro- 

5% in Shell no. 3 

130-170 

6 


phenol 

fuel oil 




Pentachloro- 

1.8% in pine oil 

40-50 

9 -22 


phenol 

Ka pentachloro- 

10% aqueous 

250 

3 -8 


phenate 






Oral administration 


Pentachloro- 

5% in Stanolex 

70-90 

2 -5 

phenol 

fuel oil 



Pentachloro- 

11% in olive oil 

100-130 

10 -16 

phenol 

Na pentachloro- 

5% aqueous 

250-300 

3 -6 

phenate 





Subcutanous administration 


Pentachloro- 

5% in olive oil 

70~85 

3 -6 

phenol 




Na pentachloro- 

10% aqueous 

100 

7 

phenate 





Intravenous administration 


Na pentachloro- 

1 2% in water I 

22-23 

li-4 


phenate j 


1 

! 
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received two doses (on 2 successive days) of 113 mgm. per kilogram. • This 
animal died four hours after the second treatment. A third rabbit died from 
acute intoxication after the thirteenth application of 111 mgm. per kilogram, 
applied over a period of 43 daj’s. 


TABLE 2 

The ioxicity of ■penlachlorophenol and todium pentachlorophenate for rats 
(ainyle adminiatration) 



cottcetniATios and soivcnt 

KmCBZK 

Or»ATS 

OSCD 

LD|» 

nuE 

TtlL 

DEATH 

Oral admiDistration 




mtm 1 1 
ifm. 1 

Mrt. 

Pentachloropbcnol 

0.5% in Stanolex fuel oil 

80 ! 

27.3 1 

3-19 

Penlachlorophenol 

1% in olive oil 

60 I 

77,9 

3-11 

Na pentachlorophenate 

2% in water 

60 

210.6 ; 

2-13 

Subcutaneous administration 

Na Pentachlorophenate 

[ 2% in water j 

80 1 

66 3 

2-8 


♦ TABLE 3 

Reaulta of repealed application of a aoluUon of peritaehlorophenol in Stanolezfuel oil to the 

akin of 


KuintB or 

BASBITS 

tunoYxo 

DOSE or 

FEVTACXUBO* 

RtEKOD 

KCUIEB or 
ArrucAWONs 
rCB WEEK 

DVKATIOK or 
TBEATurtrr 

TOTAE DOSE Of 

rtNTACStOBO' 

rstKot 

ArruED 

EATI 

3 

mtm /i/fii 

10 

1 

vtfh 

36 1 

360 

Idled 

1 

10 

2 

47 

940 

Died 

1 

10 

2 

47 

040 

Killed 

4 

10 

2 

GO 

1200 

Died 

3 

35 

2 

9 

560 

Killed 

1 

35 

2 

8 

660 

Killed 

1 

50 

1 

5 

250 

Died 

1 

50 

1 

27 

1350 

Killed 

1 

60 

1 

13 

650 

Died 

1 

50 

1 

42 

2100 

Killed 

1 

50 

1 

12 

600 

Died 

1 

50 

1 

47 

2350 i 

Killed 

1 

50 

1 

6 j 

500 1 

Killed 


(4) Ten dc. doses of a 1% solution of the sodium salt (about 40 mgm./kg.) 
were applied daily (except Sundays) for 100 consecutive days to the skin of 6 
rabbits. In the case of 3 rabbits the solution was allowed to remain on the skin 
for 30 minutes, and in 3 others for one hour, after which the compound was 
washed off with soap and water. The treated areas occasionally showed mild 
irritation but no wrinkling or cracking of the skin and no loss of hair. The gain 
in body weight was normal, and there were no fatalities. 
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(5) Before attempting to apply any inferences drawn from these data, to the 
problem of the hazards involved in repeated contact with dippmg solutions, 
it appeared desirable to secure more definite information on the extent of ab- 
sorption of these compounds than that afforded by skin changes, the occurrence 
of slight temperature elevations, or by the intervention of death without signs 
of acute intoxication. This could best be secured by determining the pentachlo- 
rophenol concentration in the blood after varied degrees of exposure, and com- 
paring this concentration with that required to cause the appearance of symp- 
toms or fatalities. The analytical method employed for the estimation of 
pentachlorophenol (6) is based on the formation and spectrophotometric deter- 
mination of a reddish-yellow pigment produced by the action of fuming nitric 
acid on pentachlorophenol. The method was first applied to the blood of rab- 
bits following a single cutaneous application, for 30 or 60 minutes, of 100 mgm. 
of the sodium salt ( 1 % solution). The determination was made upon 20 cc. 

TABLE 4 


. Concentration of pentachlorophenol in tissues of the rabbit after cutaneous application of 10 cc. 
of a 1 per cent aqueous solution of the sodium salt for 100 consecutive days, 
except Sundays 



llSStTE 

Rahhits 4264 and 4265 
COiOKJTO© WASHED OIT 1 HX. 
ATTES AEFUCATIOH 

RehbiU 4261 and 4262 

CDMXOHHD WASHED OT#30 UIH. 

Arrei; appucatiok 



PentacbloropbcDo! {mim.liOO trami jompU) 

Urine 

6.62 

1 4.93 

Blood 

0.45 

0,23 

Kidney 

0.26 

0.14 


0.09 

0,14 


0.05 

0 


0 

0 


0 

0.06 





samples obtained by pooling 5 cc. of heart blood from each of 4 treated rabbits, 
the blood having been withdrawn 1, 4 and 6J hours following the treatment. 
There was no indication of absorption of the compound. However, the re- 
peated application of a 1% solution of the sodium salt to the skin of rabbits 
does induce absorption to a degree that is demonstrable by this method. Two 
of the 4 rabbits treated with 100 mgm. daily for 100 days were killed and the 
tissues pooled and examined (table 4). The blood of the first pair contained 
0.45 mgm.% of pentachlorophenol and the urine 6.02 mgni.%. In the blood 
of the latter pair, allowed but half as much time for absorption, the correspond- 
ing values were 0.23 and 4.93 mgm.%. Additional small quantities were 
recovered from the kidney, liver, lung and muscle. None of these rabbits had 
shown signs of illness or local irritation. 

(For purposes of comparison, a series of determinations were made of the 
blood concentrations occurring at the time of the appearance of s^miptoms and 
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at death following administration of lethal oral doses. The results (table 5) in- 
dicate that at the time the temperature had risen from 2 to 2.6®F., the blood 
concentrations had attained values of from 4.6 to 8.0 mgm.%. These values 
remained at about this level when death occurred, although the temperature 
had then risen from ^4 to 9.2®F.*above the normal.) The blood concentrations 
encountered at the time of the appearance of s3Tnptoms were from 10 to 17.7 
times as high as those resulting from 100 daily applications of the 1 per cent 
solution. 

(C) The cumulative effect of small oral doses. Since the use of these 
compounds in food containers is contemplated, it is essential to Icam whether 
repeated small oral doses can produce a chronic or acute toxic state as a result 
of cumulative action. This problem has been attacked by a study of the con- 
centration of pentachlorophenol in the blood following single or repeated small 
oral doses, and by prolonged feeding experiments. 

TABLE 6 


Concentration oj pentachlorophenol in the'htoodof rai&iis at the time of appearance of eymplome 
and at death after a mimmal lethal oral dote of pentachlorophenol 


■ 



AT DtATH 

Fite tn temp, 
•beve eoQtfol 

Pestteblerephe&ol 
ia blood 

Fite ia temp 
above control 

PesUcl>loroph«ioI 
la blood 


•P. 

*P. 

mtmJiOO tc. 

*P. 

ei(>*.//0d ee. 

6396 

104.6 

2 

8.00 



6392 

104.4 

2.2 

6.25 

8.2 

6.76 

6391 

104.8 

2.2 

6.50 

8.3 

6.75 

6394 

104.6 

2.4 

4.60 

5.4 

6.75 

6395 

104.8 

2.4 

4.75 

4.4 

8 60 

6393 

103.8 

2.6 

6.00 

6.2 

4.00 


(i) Blood and tissue concentrations follotoing single oral doses. The sodium 
salt was adnunistered orally to rabbits in dosages equivalent to 5, 18, 37, 92 
and 185 mgm. of pentachlorophenol per kilogram. The results of the observa- 
tions on these animals are shown in fig. 1. Absorption started almost im- 
mediately after a dose equivalent to 18 mgm. per kilogram or more. The blood 
level reached a peak only after about seven hours when a dose of 37 mgm. per 
kilogram was administered. About four days elapsed before all of the compound 
disappeared from the blood after the administration of 37 mgm. per kilogram. 

(5) Blood and tissue concentraiitms following repeated small oral doses. An 
analogous type of experiment was carried out on 23 rabbits each of which was 
^ven 90 doses (on successive days excepting Sundays) of the sodium salt in the 
form of a 0.1% solution, each dose being equivalent to 3 mgm. of pentachloro- 
phenol per kilogram. None of the animals showed signs of acute poisoning, but 
some died as the result of accidents. 

The analytical data are summarized in figure 3 where it may be seen that feed-r 
ing at this level caused an accumulation of the compound in the blood. The 
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TIME.HOURS 


Fig. 1. Concentration of Pentachlorophenol in the Blood op Rabbits following a 
Single Oral Dose op Sodium Pentachlorophenate 



^ vf m m/tmi 

9 nrw f pi>*iw •( 0 awn 
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Fig. 2. Effects of Repeated Oral Doses of Sodium Pentachlorophenate on 

ERVTHROCrTE AND LeUKOCI’TE COUNTS, CONCENTRATION OF HEMOGLOBIN AND 

Blood Sugar, and on the Body Weight and Rectal Temperature in 

Rabbits 
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average peak concentration of about 0.6 mgm.% was reached in about 4 days. 
Then, for the remaining 86 days, the blood concentration remained about the 
same. The range of all obsen-’ations was between 0.3 and 1 .0 mgra. pentachloro- 
phenol per 100 cc. of blood. The blood level found in these animals is com- 
parable with that (0.45 mgm.) found in the blood of animals given 100 daily 
skin applications of 100 mgm. each. 

(5) Feeding experiments. Experiments were performed to detect any altera- 
tions in the well-being of animals of various species which might result from the 
daily ingestion of these compounds. 

Rats. PentachJorophenol, dissolved in a small quantity of 95% ethanol, 
was added to Purina Fpx Chow pellets and fed to two groups of 10 rats each. 
Group 1 was fed over a period of 26 weeks, each rat ingesting daily approxi- 



FlO. 3. CONXENTBATION OF PeNTACHLOHOPBENOL IN BlOOD OF RaBBITS, FOLLOWING DaiLT 

Ingestion of Sodiusi Pentachlorophenate Equivalent to 3 Mgm. of 
Pentachlorophenol per Kilogram of Boot Weight 


mately 5 mgm. of the compound in 8.5 grams of food. These animals neither 
gained nor lost weight during this period. Their failure to grow apparently 
resulted from a reduction in their intake of food. Group 8 was treated for 28 
weeks, each of these rats consuming daily about 3.9 mgm. of pentachlorophenol 
in 13 grams of food. Although these animals doubled their weight, they failed 
to gain at the normal rate. This failure may also be attributed to an inade- 
quate consumption of food. All animals were anesthetized wth ether and killed 
by bleeding from the large cervical vessels. Post-mortem examination of their 
tissues revealed no gross and only insignificant histological abnormalities. 

Cats. Difficulty in securing adequate consumption of food (boiled salmon 
and groimd meat to which pentachlorophenol had been added) was again 
encountered when cats were used. The animals refused to eat when the content 
of pentachlorophenol was sufficiently high to give a daily intake of 5-10 mgm. 
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per kilogram. Therefore smaller amounts were used. Four cats received penta- 
chlorophenol or its sodium salt in doses equivalent to 1.25 and 2.5 mgm. per 
kilogram. This diet was fed for about 10 weeks. The animals showed some 
loss of appetite and loss of weight, but none of the cats displayed signs of penta- 
chlorophenol poisoning. They were killed with ether 20 hours after the last 
meal; at this time the blood contained from about 0.3 to 1.8 mgm. of penta- 
chlorophenol per 100 cc. 

Rabbits. To form some idea of the degree of tolerance which might develop, 
each of five rabbits was given a daily oral dose of 35 mgm. pentachlorophenol 
per kilogram (about J of the lethal dose) as a 0.5% solution of the sodium salt, 
for 15 days. During the following 19 daj’s a 5% solution was used and the dose 
was raised gradually to 600 mgm. per kilogram (about twice the lethal dose). 
Rectal temperatures, blood counts and determinations of hemoglobin and of 
blood sugar (Folin micro method) were made every second or third day, si.'t 
hours after the treatment. The animals were weighed weekly. 

One animal died after having ingested a total of 1.9 grams of pentachloro- 
phenol per kilogram; two died after the ingestion of 2.9 grams per kilogram, and 
two others after 3.9 grams per kilogram. It may be seen from fig. 2 that this 
severe treatment caused loss of body weight, a very slight reduction in the num- 
ber of erythrocytes and a parallel drop in the concentration of hemoglobin. 
Leukocytes and rectal temperatures fluctuated but did not exceed the limits of 
•; variations observed in control rabbits. 

The most definite evidence of the establishment of tolerance to the compound 
is the finding of blood concentrations of 14, 21, 22, 36 and 39 mgm.% of penta- 
chlorophenol in animals that died. After single lethal doses of pentachloro- 
phenol, the concentration of pentachlorophenol in the blood of rabbits did not 
exceed 8.5 mgm.% (table 5). 

(D) Distribution OF PENTACHLOROPHENOL IN THE TISSUES. (1) The tissues 
of 6 rabbits that died accidentally in 2 to 7 days after the start of the e.\'periment 
in which 3 mgm. of pentachlorophenol per kilogram was fed (cf. Section C 2), 
were analyzed. The results indicate that blood concentrations of 0.4 to 0.8 
mgm.% of pentachlorophenol are associated wdth concentrations ranging from 
0.15 to 0.4 mgm.% in the liver and from 0 to 0.3 mgm.% in the kidney. 

(2) Complete results on the distribution of pentachlorophenol in the tissues 
were obtained in the case of 2 rabbits. Each was given an oral dose of the 
sodium salt (0.25% sol.) equivalent to 37 mgm. of pentachlorophenol per kilo- 
gram and then was put into a metabolism cage for 24 hours, after which it was 
sacrificed for analysis of the tissues. Of the administered quantities of pen- 
tachlorophenol 92 and 91% respectively were recovered. The bulk of the 
material was found in the urine (tables 6 and 7) and about 4 and 7%, respec- 
tively, were present in the gastroenteric tract. The remainder was well dis- 
tributed throughout the tissues. Ob\aously in the rabbit the kidney is the 
principal route of elimination of pentachlorophenol from the body, a fact which 
suggests that urinary concentrations may offer the best means of determining 
the severity of human e.xposure. 
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TABLE 6. 

Distribution of pentachlorophenol in the tiesws of rabbit D-$7SO, S4 hours after oral 
administration of sodium pentachlorophenate in one dose {9^ mgm, 
expressed as pentachlorophenol) 


nssct 

TOTAZVElCn 
or Tissot 

\ rcr IK 10 

cults SAUTIX 
AKAiytEO 

rcr et totai 

TISSUE 

rcp ttcovzteo 


tramt 

mtm. 

mfm. 

ftr eenl of 
am! inittUi 

Urine and feces 

199.1 

3.40 

66.21 

70.6 

Stomach and intestine (wall and 





contents) 

575.7 

0.11 

6.33 

6.76 

Muscle 

931.0 

0.065 

Q.05 

6.42 

Bones 

3S2.6 

0.075 

2.S6 

3.06 

Skin 

260 9 . 

O.OS 

2.03 

2.22 

Blood 

222.6 

O.OS 

1.78 

1.90 

Liver and gall bladder 

100.0 

O.H 

0.70 

0.743 

Kidneva. 

17.7 

0.185 

0.25 

0.267 

Heart, lungs and testes 

25.9 

0.06 

0.16 

0.171 

Central nervous system 

12.8 

0.075* 

0.09 

0.096 




86.61 

92.23 





• Entire eamplc of I2.S grams analyzed. 


TABLE 7 

B»«<ribuiJon of pentachlorophenol <n the tissues of raiHt D’$7S0, H hours after oral 
administration of sodium pentachlorophenate in one dose (97 mgm. 
expressed as pentachlorophenol) 


TISSUE 

TOTAt WEICBT 
or tiisoE 

rcr IN’ ID 

ClAK BUtrLE 
AMAlTZCD 

rcr w TotAi 
tISSCfE 

Kr EECOVZUD 


tr^mt 

WfWI. 

Mim. 

fir ami. 

iniiiUd 

Urine. . . 

182.5 

3.70 

67.63 

70.3 

Feces 

10.0 

0 30 

0 30 

0.3 

Stomach and intestine (wall and 
contents) 

3S0.0 

0 10 

3.80 

3.9 

Muscle... 

1003.0 

0.035 

3.50 

3.6 

Bones .. 

344.3 

0.035 

1.20 

1 25 

Skin .... 

382.0 

0.10 

3.82 

3.91 

Blood 

239.2 

0.23 

6.50 

6.7 

Liver and gall bladder 

82.9 

0.235 

1.95 

2.0 

ludnevB 

18 2 

0 2 

0 36 

0 38 

Heart, lungs and testes 

31.0 

O.lO 

0.31 

0.32 

Central nervous system 

12 5 

O.OS5* 

0 035 

0.088 




88.35 

91.1 







* Entire sample of 12.5 grams analyzed. 


(3) To throw further light on the excretion of pentachlorophenol, 2 animals 
were given oral doses ol 25 mgm, pentachlorophenol per kilogram (0.5% solu- 
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tion of the sodium salt), and 2 others, doses of 60 mgm. per kilogram. The 
excreta were then collected for periods ranging from 7 to 12 days, and analyzed. 
The data are given in table 8. From ^ to | of the dose was excreted in the 
urine and by far the greatest proportion (37 to 50% of the total dose) was ex- 
creted in the first 24 hours after administration. From 1 to 4% was excreted 
in the feces. The proportion of the dosage recovered in the urine of these ani- 
mals was somewhat less than in the preceding experiments, probably because 
a more concentrated solution was given to the latter animals. 

TABLE 8 


The excretion of penlachlorophenol 

In urine and feces of rabbits after oral administration of single dose of sodium penta- 
chlorophenate equivalent to 25 or SO mgm. pentachlorophenol per kilogram. 



JtABBZr 6SS1 

SABBir 6716 

BABBIT 65S2 

BABBIT 671 

Total amount administered 

71 mgm. 

I 65 mgm. 

1 - 

mgm. 

j 135 mgm. 

Cumulative percentage 

Urine 

Feces 

Urine 

Feces 

Urine 

] Feces 

1 Urine 

Feces 


fier cent 

fier cent 


RRI 

f>tr cent 



fer cent 

Excreted 1st day 

44.5 

0.3 

50.0 

1^9 

37.4 

KQ 

1^9 

0.2 

Excreted 2nd day 

55. 0 

0.9 

58.4 


47.2 

wsm 

k^9 

0.2 

Excreted 3rd day 

62.6 

1.6 

60.2 


50.1 

1.7 

46.6 

0.5 

Excreted 4th day 

64.4 

2.3 

61.1 

■iKm 

51.1 

2.0 

47.0 

0.5 

Excreted 5th day 

65.0 

2.8 

61.3 

0.2 


2.1 

47.3 

0.5 

Excreted 6th day 

65.6 

3.4 

61.7 

0.2 

51.7 

2.3 

47.5 

0.7 

E.xcreted 7th day 

66.1 

4.0 

62.0 

0.6 

52.2 

2.4 

47.5 

0.7 

Excreted Sth day 



62.7 

0.6 

52.8 

2.7 

47.5 


Excreted 9th day 



63.2 

0.8 



47.5 

1.0 

Excreted 10th day 



63.2 

0.8 



47.7 


Excreted 11th day 



63.2 

0.8 



47.7 


Excreted 12th day 



63.2 

0.8 



47.7 


Total percentage recov- 









ered in urine and feces.. . 

70.1% I 

64.0% j 

55.5% j 

48.7% 


• — = No sample. 


(4) From the data on the recovery of administered pentachlorophenol (tables 
G and 7) it would appear that appro.ximately 9% of an oral dose of 37 mgm. per 
kilo is broken down in the tissues of the rabbit in 24 hours. To determine the 
rate of destruction more accurately, a series of rats were given intraperitoneal 
doses (2.4 mgm.) of the salt. The animals were kept in individual glass beakers, 
in which all their excreta were collected, and were sacrificed at intervals. The 
total carcass of each was ground, mixed and analyzed, the accumulated excreta 
being analyzed separately. About 12.5% of the injected pentachlorophenol 
was excreted in the first 24 hours, and about 40% was broken down during the 
first day. The material was not completely lost from the body at the end of the 
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6th day, about 13% being still present On this respect the rat resembles the rab- 
bit, fig. 1). The results are summarized in table 9 and in figure 4. Most of the 
compound found in the urine and feces was excreted during the first 24 hours. 

TABLE 9 

Rate of destruction and recovery of pentachloropkenol in the carcass and excreta of the rat 
following a single intraperitoneal dose of g.^ mgm. per animal 

) rcr rouND Di KxcicrA { Tcr rouxs xir caicass 1 pcrozsixovto 


TUtE BETWEEN TIEATNENI AND DEATH 


Per tent 
»/ onutinC 

Killed immediately 

0 


3 hours 

0.18 


12 hours 

0.16 


24 hours 

0.30 

12.5 

2 days 

0.40 

16.6 

, 3 days 

0.32 

33.3 

4 days 

0.20 

8.3 

6 days 

0.23 

9.5 

6 days 

0.28 

11-6 


TIME, DAYS 

Fig. 4. Bate of Destruction of PENTAcnLORopnENou in the Rat (Single 
Intraperitoneal Dose op 2.4 Mgm. per Animal) 

(E) The detoxification of pentachlorophenod by conjugation. An 
effort was made to learn whether, as in the case of phenol or cresol poisoning, a 
clinical criterion of absorption might be found in a diminished excretion of the 
inorganic urinary sulfates (6) or in an increased output of glucuronic acid (7) 
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as a result of conjugation. It was found, however, that only traces of penta- 
chlorophenol are conjugated. 

(F) Effective removal of pentachlorophenol from the skin. A 2.5% 
solution of pentachlorophenol in Stanolex, Fuel Oil was dropped from a syringe 
upon the back of each of a series of rabbits in amounts sufficient to cover about 
one-sixth of the total body area. The animals were returned to their cages and 
after various periods of time were washed with soap and water or with dcohol. 
All four of the animals survived that were washed with alcohol at 30 minutes 
after the application, but 2 rabbits, allowed to go for 45 minutes before washing, 
died, as did 2 others that were not washed until 60 minutes elapsed. All 9 rab- 
bits washed with soap and water after 45 minutes or less survived, but all 4 that 
went unwashed for 60 minutes died. Soap and water is therefore more effective 
for the removal of the compound, besides being cheaper and more readily avail- 
able than alcohol. 


SUMMARY 

1. Pentachlorophenol and sodium pentachlorophenate, when absorbed in 
sufficient quantity into the tissues of dogs, rabbits, rats and guinea pigs, produce 
an acute toxic state characterized by accelerated respiration, moderately ele- 
vated blood pressure, hyperpyrexia, hyperglycemia and glycosuria and hyper- 
peristalsis (vomiting was observed in dogs after a subcutaneous dose). The 
urinary output is at first increased, later diminished, and there is a rapidly de- 
veloping motor weakness which in fatal cases terminates in asphyxial convulsions 
and cardiac and muscular collapse. Rigor mortis is immediate and profound. 

2. Irritation of the skin and marked local damage followed by complete re- 
covery is the usual result of cutaneous application of single or repeated doses of 
pentachlorophenol in fuel oils. Single and repeated applications of aqueous 
solutions of the salt may cause mild local damage. 

3. A gradual loss of weight but no significant changes in the hemoglobin con- 
tent of the blood are noted in rabbits given repeated, slightly sublethal doses of 
the salt. The niunbers of erythrocytes and of various types of leukocjrie remain 
within normal IhSits. Rectal temperatures and blood sugar values rise markedl}’- 
after the administration of single sublethal doses but fail to show such elevations 
when the doses are repeated. 

4. Absorption of sodium pentachlorophenate through the skin of the rabbit 
cannot be detected by blood analyses following a single one-hour application of 
100 mgm. of this salt. Repeated applications of this quantity result in demon- 
strable absorption, the blood level rising to about 0.45 mgm.%. (This is ap- 
proximately one-fifteenth of the concentration of pentachlorophenol encoun- 
tered in the blood at the time of the appearance of symptoms following a lethal 
oral dose.) 

5. Absorption of sodium pentachlorophenate from the stomach of the rabbit 
starts almost immediately after administration of a single dose of 18 mgm. per 
kilogram, reaching a peak of 2.4 mgm.% in the blood (with a dose of 37 mgm./ 
kg) in about 7 hours. Four days elapse before all traces of the compound dis- 


TOXIC EFrECTS OF PENTACHLOROPHENOL 


117 


appear from the blood. The daily administration to rabbits {by stomach tube) 
of quantities of the salt equivalent to 3 mgm. of pentachlorophenol per kilogram 
leads' to a blood level of about 0.6 mgm.%. Feeding of the salt (mixed with 
food) in a dosage of 3.9 mgm. per rat per day apparently causes no tissue damage 
but results in inadequate consumption of food, presumably because of the un- 
pleasant taste which the compound imparts to the diet. Cats refuse food alto- 
gether when it contains about 5 mgm. pentachlorophenol per 100 gram of salmon 
or meat. A tolerance develops in rabbits when sublethal oral doses are adminis- 
tered repcatedly. 

6. Within the limits of dosages employed, approximately 70% of orally ad- 
ministered sodium pentachlorophenate is excreted in the urine by the rabbit (the 
bulk of it in the first 24 hours); about 9% is broken do\Mi, and about 6% is in 
the gastrointestinal tract at the end of the first day, the remainder being well 
distributed throughout the tissues. Very small amounts are excreted with the 
feces. In the rat, follomng the intraperitoncal injection of 40 mgm. per kilo- 
^am only about 13% of the amount administered is excreted, 40% is broken 
do^m, and about 47% remains in the tissues at the end of the first day. Penta-' 
chlorophenol is not detoxified by conjugation with sulfuric or glucuronic acid. 

7. Soap and plenty of water is a more effective agent than alcohol for the' 
removal of pentachlorophenol or sodium pentachlorophenate from the skin. 
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The colour of amphibia depends on the degree of dispersion of the pigment in 
the skin melanophores and is regulated by endocrine and nervous mechanisms 
in which the hypophysis and adrenals play an important part (1, 2, 6, 7, 10, 14). 
The influence of chemical agents on colour of amphibia, and the importance of 
hypoph3’seal secretion in the action of drugs, have been extensivel3' studied by 
Fuchs (4), Hogben (6), Houssay and Ungar (7), Giersberg (5), Smith (15), 
Leszczynski (9), Shen (13), Teague, Noojin and Geiling (18), wth some dis- 
agreement in results which may be explained by the different species of amphibia 
used in experiments. According to Chang and Associates (3), Parker and Rosen- 
blueth (12), Spaeth and Barbour (16) the melanophores are autonomic effectors 
which, in their responses to chemical mediators, are adrenergic in .some species, 
adrenergic and cholinergic in others. In this paper experiments are reported on 
the action of several drugs on the colour of the toad Bufo arenarum Hensel and 
the frog Leptodaclylus ocellatm (L) Gir., with special reference to the r61e of the 
hypophysis and the adrenals. 

Methods. Toads weighing lOO-lSO gm. and frogs weighing 50-80 gm. of both se.'iea 
were used. Changes in the pigmentary effector system were recorded according to the 
color observed directly and to the distribution of the pigment in the melanophores. The 
following indices of colour and dispersion of mclanic-pigment in melanophores were used: 
/,pale green colour, concentrated melanic pigment;.?, light green, scantily dispersed melanic 
pigment; 3, green colour moderately dispensed melanic pigment; 4, dark green, largely dis- 
persed melanic pigment; 5, black colour, melanic pigment in reticulum. Melanophores 
were observed in the deep layers of the skin with a microscope with oblique illumination, 
obj. 8-20, oc. 8 (fig. 1). 

The substances were dissolved in saline solution (0.6%) in such a proportion that the 
doses emploj’ed were contained in 1 or 2 cc. They were injected intraperitoneally through 
the dorsum. In some cases (acetylcholine) drugs were injected into the carotid artery by 
means of a very thin needle or a perfusion was done through the arteries of the isolated 
hind limbs. 

Some substances were also tested by immersing isolated fragments of skin in the corre- 
sponding solutions. Extracts of bovine posterior lobe of hypophj-sis were prepared by 
treating the dry powder nith XaOH 0.1 N during 3 minutes at 100° C., filtering and discard- 
ing the precipitate. Hypophj'sectoray was performed by oral approach, following Giusti 
and Houssay’s technique and adrenal destruction was carried out by electrocoagulation. 

Results. The results of the numerous experiments performed with e.-ich 
substance are summarized in tables 1, 2 and 3. The two numbers in brackets ex- 
press the colour and melanophore index at the beginning and at the end of the 
ex-periment; E.P.L.H. means extract of hypophyseal posterior lobe; F. 933 means 
piperidine methil S-benzo dioxane. 
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Fio. 1 Dispersion of Melanic Pigment in Meuanophores 
1, concentrated*, 2, scantly dispersed; 3, moderately diapetaed; 4, largely dispersed; 5, 
reticulum. 


TABLE 1 


Action oj drugs on the colour o/ the frog Leptodaclylus ocellatus (Z.) l7iV. (normal or 
kypophyscctomized) 




ACTiOH OV j 

SEUAIKf 



Normal 

Hypophy- 
1 tMtomited 

Adrena’ine 

0 &-l mg. 

Pa'cs 

(5-1) 

No action 

F.933 reverses, cocaine re- 
inforces 

Calcium chloride 

75-50 mg. 

Pales 

(5-1) 

No action 

F933 inhibits, cocaine re- 
inforces 

Ephcdrinc 

10 mg 

Pales 

(5-1) 

No action 

F 933 reverses in normal 
and hypophyscctomized 
frog 

Cocaine 

10 mg 

Pales 

(3-1) 

No act’ on ' 


Nicotine 

3 mg. 

Darkens 

(1-5) 

Darkens 

(1-4) 


Caffeine 

IS ing. 

Darkens 

(1-5) 

Darkens 

(1-4) 


l''.U33 in nholc 

2 5-15 mg. 

Darkens 

Darkens 

Additional clTccts with 

animal 


(1-5) 

(1-3) 

E.P.L.H. 

F.933 perfusion of 

1% 

Darkens 

Darkens 

Potassium is necessary to 

isolated hind 
limbs 


(1-1) 

(1-4) 

produce darkening 

Veratrine 

0 5-1 mg. 

Darkens 

(1-5) 

Darkens 

(1-5) 


Potassium chlo- 
ride 

25-50 mg. 

Darkens 

(1-5) 

No action 

Hypophyscctomized dark- 
ens if previously injected 
with F.933 (0.5 mg.) 

Atropine 

10 mg. 

Darkens 

(1-4) 

Darkens 

(1-3) 


Acetylcholine 

10 mg. 

No action 

No aefon 

With or without previous 
injection of eserinc 

Eserinc 

30-20-10 mg. 

Darkens 

(1^) 

No action 

(l-I) 
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The colour of amphibia depends on the degree of dispersion of the pigment in 
the skin melanophores and is regulated by endocrine and nervous mechanisms 
in which the hypophysis and adrenals play an important part (1, 2, G, 7, 10, 14). 
The influence of chemical agents on colour of amphibia, and the importance of 
hypophyseal secretion in the action of drugs, have been extensively studied by 
Fuchs (4), Hogben (6), Houssay and Ungar (7), Giersberg (5), Smith (15), 
Leszczynski (9), Shen (13), Teague, Noojin and Geiling (18), with some dis- 
agreement in results which may be explained by the different species of amphibia 
used in experiments. According to Chang and Associates (3), Parker and Rosen- 
blueth (12), Spaeth and Barbour (16) the melanophores are autonomic effectors 
which, in their responses to chemical mediators, are adrenergic in some species, 
adrenergic and cholinergic in others. In this paper experiments are reported on 
the action of several drugs on the colour of the toad Bufo arenarum Hensel and 
the frog Leplodaclyltts ocellalus (L) Gir., ivith special reference to the r61e of the 
hypophysis and the adrenals. 

Methods. Toads weighing 100-150 gm. and frogs weighing 60-80 gm. of both Be.\'es 
were used. Changes in the pigmentary effector system were recorded according to the 
color observed directly and to the distribution of the pigment in the melanophores. The 
following indices of colour and dispersion of melanic-pigment in melanophores were used: 
i, pale green colour, concentrated melanie pigment; S, light green, scantily dispersed mclanic 
pigment; S, green colour moderately dispersed melanie pigment; 4, dark green, largely dis- 
persed melanie pigment; 5, black colour, melanie pigment in reticulum. Melanophores 
were observed in the deep layers of the skin uith a microscope with oblique illumination, 
obj. 8-20, oc. 8 (fig. 1). 

The substances were dissolved in saline solution (0.6%) in such a proportion that the 
doses employed were contained in 1 or 2 cc. The 3 ’ were injected intraperitoncallj' through 
the dorsum. In some cases (acetylcholine) drugs were injected into the carotid artcrj’ by 
means of a very thin needle or a perfusion was done through the arteries of tlie isolated 
hind limbs. 

Some substances were also tested by immersing isolated fragments of skin in the corre- 
sponding solutions. Extracts of boxine posterior lobe of hypophysis were prepared by 
treating the drj' powder n-ith NaOH 0.1 N during 3 minutes at 1()0° C., filtering and discard- 
ing the precipitate. Hypophysectoray was performed by oral approach, following Giusti 
and Houssaj'’s technique and adrenal destruction was carried out bj’ electrocoagulation. 

Results. The results of the numerous experiments performed with each 
substance are summarized in tables 1, 2 and 3. The two numbers in brackets e.x- 
press the colour and melanophore index at the beginning and at the end of the 
experiment; E.P.L.H. means e.xtract of hypophyseal posterior lobe; F. 933 means 
piperidine methil 5-benzo dioxane. 


118 



COLOUR REGULATION IN AMrHIBIA 


121 


barium; 3, producing a diphasic action, first paling and then darkening the 
colour like nicotine or cafTcinc (in the toad). ^ This action varies somewhat ac- 
cording to the species since in Leplodaclylus ocellaius (L) Gir., caffeine and nico- 
tine only produce darkening of skin. The role of hypophysis in the effects of 
drugs on this system has been the object of man}’ studies. There have been 
some discrepancies which may be referable to species differences, since F. 933, 
veratrine, nicotine and atropine have no action on the colour of the hypophy- 
sectomized Bufo arenarum Hensel while the same drugs intensely darken the 
colour of the hypophyscctomized Leplodaclylus ocellatus (L) Gir. (figs. 2 and 3). 

The action of dnigs on the melanophores of hypophyscctomized amphibia 
varies with the drug a.s well as the species. Thus, the colour of the pale hypophy- 
sectomized toad is not modified by the injection of atropine, veratrine or F. 933, 
but is darkened by caffeine or barium. On the other hand in the hypophj’sec- 

TABLE 3 


Action of drugs on the colour of the load Bufo arenarum Hensel (normoZ or adrenaleclomtzed) 


SUBSTANCE 

AVOVNT 

INJECTED 

ACTION ON j 

BEUAUS 

Kormsl 

AdtcaaleclomiEed 


nf. 1 


j 


Adrenaline 

2-1 

Poles 

Poles ! 

F.033 inhibits, weak an* 



(6-1) 

(5-1) 

tngonism with E.P. 





L.U. 

Cocaine 

4 

Pales 

\Ve{»k paling action j 

P.933 inhibits 



(S-I) 

(5-4) 1 


Fphcdrinc 

10 

Poles 

Weak paling action 

F.033 inhibits or reverses 



(6-1) 1 

(5-1) 


Calcium chloride 

100 

Poles 

Weak paling action 1 

F.933 inhibits 



(5-1) 

(5-1) 


Nicotine 

3 

Pales 

Weak paling action 

F.933 inhibits the paling 



(5-1) 

(5-1) 

action 

Oatleine 

10 

Pales 

No action | 

l''.y33 inhibits the paling 



(5-3) 


action 


tomized Leplodaclylus occUatus (L) Gir., potassium, eserine and acetylcholine 
have no action upon colour, while veratrine, F. 933, atropine and caffeine produce 
a deep darkening of the skin (figs. 2 and 3). 

The colour of amphibia may be modified in several ways by chemical agents: 
0 , through a direct action on the mclanophore, such as can be observed with 
barium and caffeine in the toad by perfusion experiments, by their action on iso- 
lated pieces of skin, or by their injection in hypophyscctomized animals; 6, by 
reinforcing the action of the melanotropic hormone, os can be obser\'ed in the 
hypophyscctomized toad with F. 933 A small dose of this substance alone has 
no action on colour but it increases considerably the melanic-dispersing action of 
extract of the posterior lobe of the hypophysis. An action of drugs on the rate of 
secretion of melanotropic hormone as described by Shen (13) in Bana lemporaria 
has not been obser\'ed in our experiments. In no case were clear-cut changes of 
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colour of toad and Lcptodaclyhis ocellaius (L) Gir., obtained by applying on the 
diencephalo-hypophyseal region small plugs of cotton soaked with a 1% solution 
of F. 933, veratrine, nicotine, acetylcholine or potassium. Finally, drugs can 
modify the colour of amphibia by combinations of some of the mechanisms al- 
ready described. Thus the mechanism through which chemical agents change 
the state of the pigmentary effector system seems to be a very comple.x one. 

The adrenals play a considerable role in modifying the action of those chemi- 
cal agents that pale the colour of the toad. When the adrenals are destroyed, 
cocaine, ephedrine, nicotine, caffeine and calcium lose much of their paling action 
on colour. 

The melanophores of Bitfo arcnarum Hensel and Lcptodaclyhis occllalus (L) 
Gir., are exclusively adrenergic effectors. Whether by injection in hypophy- 
sectomized animals by perfusion through the hind limbs or testing the substances 
in isolated pieces of skin, acetylcholine and eserine, acting simultaneously or 
successively, have no dispersing action of the melanie pigment. This agrees 
with our experiments (17) in which excitation of autonomic nerves with stimuli 
of different intensity and frequency (1 to 160 per second) demonstrated the exist- 
ence of exclusively melanic-concentrating fibres, whose action is reinforced by 
cocaine and inhibited by F. 933. 

SU.MHIARY AND CONCLUSION 

The pharmacology of colour changes in Bufo arcnarum Hensel and in the frog 
Leptodaclylus ocellaltis (L) Gir., has been comparatively studied, with the 
following results: 

1. Drugs can act upon colour of amphibia; paling it like adrenaline, ephedrine, 
cocaine, calcium; darkening it like F. 933, veratrine, potassium and barium; or 
producing a diphasic action like caffeine and nicotine in the toad. This action 
varies somewhat according to species since caffeine and nicotine have an exclu- 
sively darkening action in the Leptodaclylus occllalus (L) Gir. 

2. The hj'pophyseal hormone has a fundamental action in the darkening effect 
of numerous drugs which varies according to species and substance; F. 933, 
veratrine, and nicotine darken the colour of the hypophysectomized frog but 
have no action on the colour of the hj’^pophysectomized toad. 

3. The ability of melanophores to e.xpand their pigment in the absence of 
melanotropic hormone varies according to species and drug. Caffeine and 
barium darken the colour of the hypophysectomized toad, while F. 933, veratrine 
and atropine have no action. In the hypophysectomized Lcptodaclyhis occllalus 
(L) Gir., veratrine, F. 933 and atropine darken the colour of the skin. 

4. The adrenal secretion is of utmost importance in the paling action on 
the colour of toad produced by calcium, nicotine, cocaine and ephedrine. 

5. The melanophores of Bufo arcnarum Hensel and of Leptodaclylus occllalus 
(L) Gir., arc exclusively adrenergic effectors. 

The author is deeply indebted to Professor B. A. Houssay for hi.s advice and 
criticism throughout this work. 
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The esters of nitrous and nitric acids used in therapy for their property of 
relaxing smopth muscle have been esters of alcohols of simple nature, in them- 
selves not particularly active pharmacologically. Since xanthine derivatives 
also have the property of relaxing smooth muscle, nitrous and nitric esters of 
xanthine derivatives might be expected to combine the characteristic actions of 
both types of substances. 

The compounds showri in table 1 were prepared by J. H. Speer at G. D. 
Searle & Co., Chicago, 111. The preeminent action of these esters of nitrous and 
nitric acids is relaxation of vascular smooth muscle. Their vasodcpre.ssor effect 
was measured in five etherized dogs, in comparison with nitroglycerine. Table 
1 shows the reciprocal actuity ratios in terms of the amounts by weight produc- 
ing equal falls in arterial pressure. The fall in arterial pressure produced by the 
intravenous injection of these substances was accompanied by acceleration of 
j cardiac and respiratory rates, as is seen with nitroglycerine. The peripheral site 
of the vasodilator action was demonstrated by injection into the femoral artcrj’ 
of four dogs in which a constricting clamp had been applied, proximal to a 
branch in which pressure was measured. Under such circumstances a fall in 
this pressure in the face of constant systemic arterial pressure indicates local 
vasodilation. Figure 1 shows that 5-chloro-7'-hydroxj’caffeine nitrite and ni- 
trate are more active than equimolecular amounts of sodium nitrite, caffeine, 
and nitroglycerine. In two experiments in barbitalized dogs the volumes of a 
60 cm. segment of small intestine, one hind leg and one kidney were recorded 
plethysmographicallJ^ Fifteen intravenous injections of caffeine, nitroglyc- 
erine and 5-chIoro-7'-hydroxycaffeine nitrite and nitrate were made. The re- 
sults, which were qualitatively identical in all cases, were that the fall in arterial 
pressure was associated with an increase in leg volume and a decrease in volume 
of small intestine and kidney, which suggests that with these substances active 
vasodilation occurred in the leg. Figure 2 typifies these experiments. 

The perfused isolated rabbit’s heart (9 experiments) was used for determining 
the cardiac effects of these substances. The cannula of R6s.sler (1) was used to 
insure passage of all the perfusing fluid through the coronary vc.ssels; this flow 
was measured by a differential manometer (2). The apex of the heart was con- 
nected with an isotonic lever. Figure 3 indicates that in do.=c.s of 0.1 mgm. the 
nitrous and nitric esters have predominantly a va.sodilntor action. Both arc 
more potent than caffeine, sodium nitrite, and nitroglycerine. If the do.se is 

J This invcstig-ition nas aided by a grant from G. D. Scarie and Company, Ciiic.ago, 
Illinois. 
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Fio. J. Dop, bftrbitnhzed From the top down, leg volume, carotid arlenal pressure, 
femoral arterial pressure, signal of injection, 10 second intervals. Injections into the 
Icmoral artery, in microgTaTna per kilogram, of; A. Caffeine 70, sodium nitrile 2.5, 8- 
Cl-7'-OH*cafTeino nitrite 10, the same after boding. B. Kitroglyccrinc 8-3. C. S-Cl-7'- 
OH -caffeine nitrate 10. These arc cquimolccuJar amounts except for caffeine which is ten 
tines the molecular equivalent. 
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increased to 1 mgm., the muscular stimulant action appears (fig. 4). This dose 
was of necessity dissolved in propjdene glycol, which itself had no action. In 
the mammalian heart-lung preparation, in a dose of 1 mgm., the S-chIoro-7'-hy- 


Fio. 3. Isolated rabbit’s heart. From the top down coronary flow, ventricular contrac- 
tions, signal of injection, 10 second intervals. Injections into the aortic cannula, in micro- 
grams, of: caffeine 70, sodium nitrite 25, S-Cl-7 -OH-ealTeine nitrite 100. the s.ame after 
boiling, S-Cl-7'-OH-caffcine nitrate 100. These are cquimolecular amounts. The down- 
stroke in the record of coronary flow is an artifact produced by the injection. 



8-CI-7 -OH -exffeine -nitrite 

/mj Qiijcoi 


o. 4. Isolated rabbit’s heart. S-Cl-7'-OH-caffcinc nitrite 1 mgm. in 0.1 cc. propylene 
)1 injected into aortic cannula. Ten second intervals. 

ycafTeine nitrite ester causes a fall in venous pro.s.sure and reduction in 
tolic ventricular size, indicative of a muscular stimulant action. 

1 5 dogs the chlorohydroxycaffeine nitrite and nitrate esters had character- 
nitrate action on the pressure of the cerebrospinal fluid, as seen in figure 5. 
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Tliey have no influence on the spina! flexion rcflcx wlien given intravenously in 
the largest doses which their vasodepressor action permits. Water diuresis in 
trained unanesthetized dogs was found to be inhibited by chlorohydroxycaffcinc 
nitrate. Sodium nitrite has this action in man (3). Unlilcc theophylline, S- 
clilorotheophylline, the product of hydrolysis of chlorohydro.xycafTcine nitrate 
in vitro, was found to have no effect on urine flow in rabbits under chloral hydrate 
anesthesia. 

The possibility of formation of the above-mentioned cblorothcophyllinc in 
I’lt’o was e.xamincd. Although it can be recovered from urine after its addition, 



Fig 5. Doc, chloralosc anesthesia _ , • 

carotid arterial pressure, signal of in. 
femoral vein of; A. S-Cl-7'-OII-cafFcir 
C. S-Cl-cafTeine I Smgm. Thcscarccquimolccularamounta. 

none could be obtained from the urine of dogs receiving chlorohydroxycaffeinc 
nitrate. 

Action irt unanesthclized arwnals. In trained dogs, the cardiac and respiratory 
rates, mean pressure in the femoral artery by needle-puncture (4), skin tempera- 
ture of the lateral surface of the thigh by Stewart’s method (6), and rectal tem- 
perature, were studied under the influence of the chlorohydroxycaffeinc nitrate 
and nitrite esters, and crythrityl tetranitratc, all administered by mouth in cap- 
sules. The results seen in figure G indicate the peripheral vasodilator action of 
these substances. 

The effect of repeated oral administration of small doses of chlorohydroxy- 
caffoinc nitrate ester was observed in four trained dogs. The mean femoral 
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arterial pressure was measured by Parkins’ method (4), over a 12 day period 
before giving the drug, for 35 days of administration, and over 16 days after 
administration. The substance was given in gelatin capsules at 8:30 a.m., 
1:30 and 6:30 p.m. Arterial pressure was measured at 3:30 p.m. Two dogs 
received at each dose 30 mgm./kgm., one 10 mgm./kgm., and one 3 mgm./kgm. 
The results are seen in figure 7. One dog on the highe.st dose vomited occasion- 
ally throughout the treatment; no other signs of into.vication were observed. 
The fall in arterial pressure was not maximal with the largest dose until the 
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Fig. 6. Avehages of Observation's os Five Dogs, Except I'/irkb o.vEr for Erytkritvl- 
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fourth or fifth day; at the smallest do.se no fall appeared until the sixteenth day. 
Definite tolerance appeared in one dog rcceirdng the largast dose. The arterial 
pressure returned slowly to normal after cessation of administration, indicating 
accumulation of the drug. 

Toxic action of single doses. In table 1 are sIiomti the mortality ratios for these 
compounds following gastric administration in suspension in acacia solution to 
rats. The low toxicity is doubtless associated with slight solubility in water. 

’The erythrityl-tctranitrate used in this study wns kindly supplied hy Mercd it Co., 
Inc., Rahway, N. J. 
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The symptoms of poisoning included loss of hormal posture, dyspnea, and cyan- 
osis. Death occurred after a sudden attack of violent convulsions. Rigor 
mortis set in immediately. These observations suggest that the xanthine moiety 
of the molecule exerts the chief toxic action. 

Toxic action of repealed doses. The gastric administration to rats of 250 
mgm./kgm. per day of the chlorohydroxycaffeinc nitrite and nitrate esters led to 
death within 6 to 8 days. Determination of blood iron (Wong’s method) and 
oxygen capacity (method of Van Slyke and Neill) and spectroscopic examination 
gave no evidence of formation of mcthemoglobin. 

s>dtiiy 



Fia 7. Mean femoral arterial pressure in two dogs receiving three times daily 30 mgm. 
per kgm j one dog receiving three times daily 10 mgm. per kgm., one dog receiving three 
times daily 3 mgm. per kgm., of S-Cl-T'-OH-cafTeinc nitrate. 

To 40 rats, chlorohydroxycafTeine nitrate ester was given by incorporating it 
in the food. The animals’ weight and food intake were measured weekly, and 
drug intake calculated. The results are 8ho\vn in figure 8. Of the ten rats at 
the dietary level of 0.2%, only four survived until the thirteenth day ; these were 
then moribund and were killed. Tlie average daily dnig intake at this level was 
171 mgm./kgm. Of the ten rats at the level of 0.1%, six had died by 49 days, 
and the rest survived, but growth was impaired. The average drug intake in 
this group was 05 mgm./kgm./daj'. At the 0.05% and 0.025% levels, food 
intake and grovrth were not distinguishably different from the controls. The 
average daily dnig intake at these levels was 31 and 14 mgm./kgm., re.spectively. 
Specimens of heart, lung, liver, spleen, stomach, small intestine, kidney, and 
urinary bladder of all rats, except those djing during the night, were taken for 
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histological examination. Dr. A. J. Miller, Professor of Pathology, found no 
histological changes attributable to the dnig. At necropsy, the stomachs of the 
rats at the 0.2% level showed the mucosa to be edematous, but microscopic 
examination was negative. 

To 4 apparently healthy male mongrel dogs, chlorohydro.xycaffeine nitrate 
ester was administered orally in formaldeh 5 fde-treated gelatin capsules in single 
doses of 100-200 mgm. per kgm. Blood erythrocytes, hemoglobin as acid he- 
matin, blood iron by Wong’s method, blood oxj'gen capacity, renal clearance of 



Fig. 8. Average values of body weight, food intake and drug intake of rats receiving 
S-Cl-7'-OH-caffeine nitrate. At each concentration of the drug in the diet ten rats. Con- 
trol group ten rats. 

creatinine, were determined before the administration of the drug, and at inter- 
vals during the administration. Microscopic examination of urinary sediment, 
and tests for albumin and sugar in the urine were made at intervals throughout 
the experiment. The results are shown in figure 9. Blood iron and oxygen 
capacity were determined only in Dog 3 on the sixteenth day, and in Dog 4 
on the thu-tieth day of administration. The values did not differ significantly 
from the normal. Examination of the urinary sediment and for sugar and albu- 
min gave negative findings throughout. At the end of the experiment, the dogs 
were killled and submitted to necropsy, rvith microscopic examination of heart. 



NITRATE DERIVATIVES OP XANTHINE 


135 


lung, liver, apleen, kidney, stomach, and small intestine. No pathological con- 
ditions attributable to the drug were found. The only positive findings of this 
experiment were in the behavior of the dogs. During the first 20 da}^ of the 
experiment all of them vomited occasional/y about two hours after the adminis- 
tration. In Dogs 1 and 2 these symptoms then subsided and were absent for the 
remaining time. In Dogs 3 and 4, vomiting Continued and diarrhea appeared. 
In' Dog 3 these effects stopped at the end of the first period of administration, 
and only occasional vomiting was seen after the daily dose had again been 
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Fig. 9. Weight, creatinine clearance, blood hemoglobin content and erythrocyte count 
in four dogs receiving daily doses of 100 ingm per kgm and 200 mgm. per kgm. of 
Oll-caffeine nitrate. 

brought to 200 mgm. per kgm. In Dog 4 administration of the drug wa-s associ- 
ated with vomiting and diarrhea to the end of the experiment. 

Discussion and summary. The nitrate ester of 7'-hydroxycaffeine is four times 
as active as nitroglycerine in lowering the arterial pressure of etherized dogs, on 
intravenous injection of equal weights, although nitroglycerine has three times 
the number of nitrate groups. The addition of an 5-chIoro group reduces this 
activity but raises the fatal dose almost four times. The nitrate and nitrite 
of this chlorohydroxj'caffeinc exhibit activities characteristic of organic ni- 
trates. They produce a f.all in arterial pressure, vasodilation in the extremities 
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and coronary circulation, a rise in skin temperature, and an increase in intra- 
cranial pressure. Under suitable circumstances, such as in the isolated heart 
and heart-lung preparation, it can be 8ho\vn that larger doses ■nill lead to a 
response like that to other xanthine derivatives, but in the' whole animal the 
intense vasodepressor action interferes with the demonstration of such properties. 
In unanesthetized dogs chlorohydroxycaffeine nitrate, given three times daily 
in a dose of 10 mgm. per kgm., or possibly less, is capable of keepmg arterial 
pressure below normal. There is evidence of development of tolerance at a 
larger dose. 

The daily administration to rats of chlorohydroxycaffeine nitrate in doses of 
170 mgm. per kgm. or more leads to the death of all animals. There is no evi- 
dence of toxic action at lower dosage levels except at doses which eventually 
kill some animals of the group. Dogs are less susceptible to the toxic action of 
repeated doses. As much as 200 mgm. per kgm. per day had no discernible 
damaging action, except locally in the alimentary tract. 

5-chloro-7'-hydroxycafTeine nitrate is a potent vasodilator substance with 
prolonged action and low toxicity. It seems deserving of clinical trial. 
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In a pmious communication we described the effect of various steroids on the 
morphogenetic actions of estradiol (1). Among the steroids studied in that 
paper several proved capable of inhibiting certain actions of estradiol, for in- 
stance, the testis and accessorj' sex organ involution which usually results from 
treatment with folliculoid compounds. It appeared particularly noteworthy 
that pregnenolone (f7-ethyl-A®-androstene-5(^)-ol-£P-one) and progesterone 
markedly stimulate the seminal vesicles of mature rats in which the testes and 
accessory sex organs have undergone atrophy following estradiol treatment while 
they exert no such effect in the immature castrate. The question arose as to 
whether these steroids stimulate the seminal vesicles only in the presence of 
testicular tissue (which, in the case of estradioLtreated animals, may be atrophic) 
or whether their activity is dependent upon the maturity of the animals. The 
first possibility would suggest that certain steroids are gonadotropic in the male 
and cause the discharge of testoid substances from the testis. The second possi- 
bility should likewise be considered since it has been sho^v’n that immediately 
after puberty there occurs a marked increase in the sensitivity of the castrate 
rat to the testoid action of certain steroids (2). 

In order to examine these possibilities and to obtain further evidence concern- 
ing the correlations between the chemical structure and the morphogenetic 
effects of various steroids, a number of experiments were carried out on immature 
and mature gonadectomized males whose organs were e.xamined following treat- 
ment wth a large variety of steroid compounds. 

Experimental. Our first experiments were performed on immature male 
albino rats weighing 40-00 g. They received 2 daily subcutaneous injections of . 
0.1 cc. of peanut oil, each containing 5 mg. of the steroid to be examined. The 
latter was present in the oil as a fine crystalline suspension. Treatment was 
continued for 10 days, the animals being killed on the 11th day at which time the 
organs were carefully dissected and weighed after fixation in “Susa” solution. 

Table 1 summarizes our findings. The full chemical name is used to describe 
the structure of each steroid, but the common name (in italics) is likevrise men- 
tioned. The melting point of the sample we used was alwaj's determined in our 
laboratory and is mentioned in the table as an indicator of the purity of our 
preparations. It may also help to identify compounds (especially isoraerids) 
whose chemical structure is not as yet quite certain. The correct melting point 
of the most highly purified preparations described in the literature are recorded 
in brackets for comparative purposes. SLx animals were used for each com- 
pound. In every case the average organ weight is given in the Table, the maxi- 
mum spread being indicated in brackets. 
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• Not weighed. 

f In theso cases the seminal vesicles were weighed together with the coagulating glands, 
t In these cases tfao ventral and middle prostates were weighed conjointly. 



140 


HANS BELTE AND 8. ALBERT 


The most striking facts which emerge from table 1 are that androstenediol 
(Cpd. 4) causes a slight, while progesterone (Cpd. 6) and desoxycorticosterone 
acetate (Cpd. 10) elicit a marked decrease in the size of the adrenals. These 
observations are in agreement with our previous findings in adult rats of both 
sexes. It will be recalled that the atrophy of the adrenals elicited by these 
steroids is limited to the cortical part of the gland. 

The thymus is subnormal in most experimental groups with the exception of 
the animals receiving peanut oil (which acted as controls), stigmasterol acetate 
(Cpd. 8), pregnauedione (Cpd. 9) and pregnenolone (Cpd. 7). It will be noted 
that all of these compounds proved hormonally inactive except for pregnenolone 
which has a very slight prostate-stimulating effect. This observation is in agree- 
ment with the view expressed by Selye (3) according to which the production of 
thj'mus atrophy is a common property of the hormonally active steroids and is 
independent of the specific nature of their hormonal effects. 

The seminal vesicles steadily decrease in size from compound I to compound 
14, as the groups in the table were specifically arranged according to this prop- 
erty. It is doubtful whether the apparent trace of seminal vesicle enlargement 
seen in the progesterone (Cpd. 6) group should be considered significant, but 
compounds 7 to 14 are certainly devoid of any capacity for enlarging the seminal 
vesicle. This is particularly interesting as regards pregnenolone (Cpd. 7) be- 
cause, in intact mature males in which testicular and seminal vesicle atrophy 
were induced by estradiol treatment, we (1) noted that pregnenolone possesses 
a definite stimulant seminal effect on the seminal vesicles. 

The ventral and, to a lesser degree, the middle prostate are enlarged by proge- 
sterone and pregnenolone (Cpds. 6, 7) although these substances e.vert little or 
no effect on the seminal vesicles. This adds further support to the view that 
the various male accessory sex organs may respond selectively to testoid com- 
pounds. This is also shown by the example of androstenediol (Cpd. 4) which 
stimulates the preputial glands proportionately much more intensely than the 
other accessory sex organs. The response of the coagulating glands, on the 
other hand, nms approximately parallel to that of the seminal vesicles, while the 
kidneys evidence no very clear-cut “pro-renal" action in these short term 
e.xperiments. 

A second experimental series was designed to study the morphogenetic actions 
of lower doses of the most active steroids enumerated in table 1 and also of some 
compounds which were available only in comparatively small amounts and hence 
could not be given at the dose level of 10 mg. a day. Testosterone, which is 
presumably the physiological testicular hormone, was administered at two differ- 
ent low dose levels for comparative purposes. Group 14 of Table I, which re- 
ceived peanut oil only, may serve as a control for this series as well, since the 
experiments of tables 1 and 2 were performed under exactly identical conditions 
except for the dosage used. _ . 

The figures in table 2 reveal no significant change in the weight of the pitui- 
tary, but they indicate a marked decrease in adrenal size in the group treated 
with 'Kendall’s Compound “E” (Cpd. 10). This is in agreement with the con- 
cept of compensatory organ atrophy (4) according to which hormones cause 
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atrophy of the gland by which they are normally produced if they are adminis- 
tered in excessively high dosages. With regard to the effect of the steroids on 
the accessory sex organs it is noteworthy that the two folliculoid compounds of 
this series (Cpds. 5, 7) cause definite enlargement of the seminal vesicles. This 
however, must not be taken as an indication of a true testoid effect since the 
enlargement is kno\vn to be due merely to fibro-rauscular development in the wall 
of the seminal vesicles. 

The definite prostatic enlargement caused by Kendall’s Compound “E” 
(Cpd. 10) is unaccompanied by a simultaneous increase in the size of the seminal 
vesicles and in this respect the action of the above adrenal compound resembles 
that of progesterone and pregnenolone. The comparatively high preputial 
gland stimulating activity of androstenediol (Cpd. 8), which had been mentioned 
in connection with the previous experimental series, is also quite obvious in this 
group in which the compound was used at a lower dose level. It will be noted 
that with the only exception of methyl testosterone (Cpd. 1) the preputial glands 
in the androstenediol group are larger than in any other group recorded m table 
2 although the seminal vesicles and prostates were not considerably enlarged in 
this group. 

In this series the pro-renal action was not marked in the case of any compound 
because of the short period of treatment. Yet it is noteworthy that the animals 
receiving androsterone possess the largest average renal weight. 

The third series of experiments was performed on adult castrate rats in order 
to determine whether the morphogenetic actions of the steroids would be altered 
by the age of the animal. The experiments were performed in exactly the same 
manner as in series 1 and 2, except that the average weight of the animals was 
157-158 g. at the beginning of the experiment. In most cases the steroids were 
administered at the dose of 10 mg. per day except in the case of androsterone of 
which we could not secure sufficiently large quantities and in the case of the two 
folliculoid compounds (Cpds. 9, 11) which are toxic if given in excessively high 
amounts. These latter three compounds were administered in daily doses of 2 
mg. It will also be noted that in this series a number of organs W’ere examined 
which had not been weighed in the previous two experiments. 

The largest final body weight was observed in the androsterone (Cpd. 5) series 
but the difference between these and the controls is not significant. On the other 
hand both folliculoid compounds (Cpds. 9, 11) caused pronounced inhibition of 
somatic growth in accordance with previous observations on this subject. The 
pituitary was slightly enlarged in the estradiol (Cpd. 9) series but showed no 
significant change in the other groups. There appears to have been slight thy- 
roid atrophy in the testosterone and androsterone (Cpds. 1, 5) groups, but other- 
wise the thyroid weights did not deviate significantly from the normal. 

The adrenals are enlarged in the groups treated with folliculoids (9, 11) and 
atrophic follo^\’ing administration of desoxycorticosteronc acetate or progester- 
one (Cpds. 15, 14). The fact that folliculoids cause adrenal atrophy in imma- 
ture and hypertrophy in mature animals is in agreement with previous obser- 
vations (5). 

The seminal vesicles were definitely enlai^ed by compounds 1 to C although 
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the action of androstenediol (Cpd. 6) was rather doubtful at this dose level. 
The other steroids were entirely inert. This lack of activity in these adult 
castrates is again of particular interest in the case of pregnenolone and progester- 
one (Cpds. 12, 14) since, as we mentioned above,' both these steroids stimulate 
the seminal vesicles in the presence of testicular tissue in intact adult rats. The 
same is true of androstenediol, whose activity was rather doubtful in the present 
series of castrates, while it exerted a very pronounced stimulant effect on the 
seminal vesicles in the intact rat (1). Thus our experiments prove conclusively 
that the responsiveness of the seminal vesicles to steroids such as progesterone 
and pregnenolone is not dependent upon the age of the animal, but upon the 
presence of testis tissue. 

In this series again the prostate, and especially its ventral lobe, was stimulated 
most markedly by androsterone, which compound differed in its effect from most 
other steroids examined in that it made the absolute weight of the ventral pros- 
tate larger than that of the seminal vesicles. It wll be noted that the other 
compounds cause much more pronounced seminal vesicle stimulation with the 
exception of those substances (e.g., progesterone) which have no effect on the 
seminal vesicles of castrates. As in all previously mentioned experiments the 
preputial glands responded comparatively most intensely to androstenediol, 
which appears to be a relatively specific stimulator of these organs. The coagu- 
lating and Cowper gland weights ran approximately parallel with those of the 
\ seminal vesicles and hence deserve no special comment. 

, ■') The pro-renal effect was fairly evident in the case of the testoids and desoxy- 
corticosterone actate, while the folliculoids, estradiol and ethinyl estradiol (Cpds. 
9, 11), exerted an anti-renal action. 

It is noteworthy that the male accessory sex organs of the animals treated TOth 
desoxycorticosterone acetate, as recorded in tables 1 and 3, were actually sub- 
normal in size. Although this involution below the normal castrate level is not 
very pronounced it may indicate that the compensatory atrophy of the adrenal 
cortex caused by this compound interferes with the normal testoid production of 
the adrenal cortex. In other words, it might eliminate an accessory endogenous 
source of testoids which is still present after gonadectomy in the untreated or- 
ganism. In any case none of our experiments support the view expressed by 
others (6) who believed this compound to be “androgenic” or testoid. 

From the point of view of the correlations which exist between the chemical 
structure and the pharmacological activity of the steroids, the following facts 
appear to emerge from the above experimental series. The presence of an acet- 
ylated Cn hydroxy group is detrimental for the prostate-stimulating activity, 
as showm by the examples of progesterone and pregnenolone on the one side, and 
desoxycorticosterone acetate and acetoxypregnenolone on the other. The latter 
two compounds differ from the former only in that they possess an additions 
acetoxy group at Cji and in both these cases the prostate stimulating activity 
vanishes following introduction of this group. It will be remembered that t e 
introduction of a Cn acetoxy group causes a similar inhibition of the vagina an 
uterus stimulating effects of progesterone and pregnenolone (3). 
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The results reported in this communication are in agreement with the pre- 
viously expressed view (3) according to which etiocholanes, 17-aIkyl substituted 
etiocholanes, and all steroids ha\’ing a Ci7 side-chain of 7 or more carbon atoms, 
are devoid of hormonal activity. 

The finding that Kendall’s Compound “E” possesses prostate-stimulating 
activity is of some interest as it represents the most highly oxygenated compound 
which has so far been shonm to be endowed with some t3T)e of testoid acti\dty, 
^Vhile this shows that the introduction of as many as five oxygen atoms does 
not necessarily destroy the ability of a steroid to stimulate the male accessory 
sex organs, yet the compounds examined support the view (3) that the greatest 
testoid potency is exhibited by steroids oxygenated only at the two extreme poles 
of the molecule. 

Finally it is noteworthy that the introduction of a 2-carbon-atom side-chain 
at CiT does not endow an estratrienc with testoid activity as shown by the ex- 
ample of ethinyl-estradiol. It will be remembered that most of the similarly 
substituted androstane derivatives are endowed with some measure of testoid 
potency. 


SUMIkJART 

The morphogenetic action of a number of steroid compounds has been exam- 
ined under comparable laboratory' conditions In immature and adult castrate 
male rats. The most outstanding results of these investigations were the 
following; 

Certain steroids stimulate the male accessory sex organs in a relatively selec- 
tive manner. Thus testosterone stimulates the seminal vesicles, androsterone 
the prostate, and androstenediol the preputial glands comparatively more than 
the other accessory sex organs. 

Kendall’s Compound “E” is endowed with a definite though not very intense 
prostate-stimulating activity. 

The presence of testicular tissue is indispensable for the seimnal-vesicle-stim- 
ulating action of certain steroids such as progesterone and pregnenolone. Other 
compounds {e.g., androstenediol) exert some seminal-vesicle-stimulating action 
even in the castrate but their activity is greatly increased in the presence of 
testicular tissue. 

Contrary to previous claims desoxycorticosterone acetate is not only devoid 
of any testoid action but actually tends to decrease the size of the accessory- sex 
organs below the normal castrate level. This, it is assumed, is due perhaps to 
the compensatory adrenal atrophy with its resulting inhibition of endogenous 
testoid production by the adrenal cortex. 

The correlations between the chemical structure and the pharmacological 
activity of the steroids used in these e,xperiments have been discussed. 
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Recent •work on the elimination of sympathomimetic amines by the body has 
sho^Ti some of them to be excreted as such by the kidnej’S (1, 2, 3). Others 
not normally excreted as such we have found to be enzymically deaminated by 
amine oxidase (4, 6). However, some of these compounds which have not been 
found to be inactivated enzymically are not totally excreted as such or con- 
jugated. 

As a result of investigating other possible mechanisms for the inactivation of 
the amount of amphetamine not excreted as such we found \dtarain C capable of 
deaminating the compound tn t’lfro and also of decreasing the excretion of the 
amine as such when the ntamin was pven to dogs (6). The purpose of this 
investigation has been to determine to what extent the configuration of the 
molecule influences the reactions of sj'mpathomiractic amines with the ascorbic 
acid— dehydroascorbic acid sj'stem. 

ExPEBiMErn'Ai.. The method used for measuriog the in vitro deamlDatioa of eympatho- 
mimetic amiaes was as follows: Duplicate tubes containing 50 mgm. ascorbic acid and from 
60 to 100 mgm. of an amine either as its sulfate or hydrochloride were buSeied at pH 7.0 by 
30 cc. M/16 phosphate buffer and oxygenated for 15 to 24 hours at 37^0. These were set up 
together idth duplicate controls containing only one or the other of the two components, 
ascorbic acid or amine. At the end of the period of oxygenation the solutions were made 
basic and the NH| distilled at SO^C. into a known volume of standardised HCl. The excess 
acid was titrated with standardized NaOH against methyl orange as an indicator and the 
ammonia calculated. 

Results. Tables 1 and 2 summarize the results of e.xperiments using 9 com- 
pounds representing six alterations in the basic phenylethylaminestructure which 
are known to modify enzymic inactivation of and physiological response to the 
compounds. The average figures in the tables represent from 2 to 6 determina- 
tions on each compound at the concentration ^ven. 

The deamination of a 'primary amine by the ascorbic acid — dehydroascorbic 
acid system when the compound contains no aromatic or aliphatic hydroxyl 
groups was not primarily dependent on the position of the amino group, as may 
be seen in table 1. This is in contradistinction to the action of amine oxidase 
which is capable of deaminating only those compounds having an amino group 
on a terminal carbon atom (4). However, from the data It W'ould seem that 
those compounds having an amino group on the side chain in a position "beta 

» This work hag been made possible by grant from the Wisconsin Alumni Research 
Foundation. 
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to the phenyl nucleus are more easily deaminated than when it is three carbon 
atoms removed from the ring. The reactions involved in the deamination of 
these primary amines are probably as follows {equation 1): 


Reduced as- 
corbic acid. 


C— CH, 

|i 

Ah 

\/ 


+ H2O 


CHj — C — CHj 

II 


0 


V 


io. 


+ 2H+ 


-2H+ 


+ 


Oxidized as- 
corbic acid 


+ 


^Hj— CH— CHj 

k 


NHs 


To supplement the evidence for deamination and ketone formation we have 
determined the presence of the ketone by its hydrazone following reaction wth 
S-4 dinitrophenylhydrazine. To 1 cc. of the oxygenated solution of the amine 
and ascorbic acid was added 1 cc. of a saturated solution of S-4 dinitrophenylhy- 
drazine in normal HCl. This was allowed "to stand at room temperature for 
half an hour during which time a fine yellow precipitate formed. Then 2 cc. of 
normal NaOH were added to the precipitated hydrazone whereupon the dark 
red-brown color due to the hydrazone solution developed and remained over 
night. The test may be used for aldehydes and ketones. 

The e-xistence of an hydroxyl group on the side chain, as in propadrine, (table 2) 
markedly decreased the deamination of the compound (9 to 11.9%) as compared 
to its homolog amphetamine, table 1 (31 to 54.1%), which does not have the 
hydroxyl group. The presence of a secondary amino group as in ephedrine 
instead of the primary amino group, propadrine, did not alter significantly the 
action of the hydroxyl group in retarding deamination. 

The effect of the dipole moment of the aliphatic hydroxyl group is opposite 
in sign and of greater magnitude than the induced effect of the primary or second- 
ary amine on the molecular moment of the compound. Since these two groups 
are only one carbon atom removed, ih the case of propadrine and ephedrine, it 
is to be expected that the reactivity of the primary or secondary amino group 
would be depressed somewhat by the hydroxjd group. As further evidence for 
this suppression of amine reactivity by a beta aliphatic hydroxyl group may be 
cited the coupling reactions of two such compounds as amphetamine and propa- 
drine with p-nitrobenzenediazonium chloride (7). In both instances the wave- 
length for maximal light absorption and the character of the absorption spectrum 
of the color of the coupled compoundsinbutanol are the same. However, for equi- 
molar concentrations of the two amines the absorption coefficient for amphet- 
amine at its wave-length of maximal light absorption is significantly greater 
than for propadrine, which has the aliphatic hydroxyl group. In the two in- 
stances coupling with the diazonium compound is through the amine. 
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The tertiary amine, ^-phenylisopropyldimethylaminc, was resistant to deamina- 
tion by this system. As a result of work not yet published we have found that 
other tertiary amines are refractory to deamination by amine oxidase. Primary 
and secondary amines in general are capable of undergoing much the same re- 
actions in deamination, there being formed ammonia or methylamine. How- 

TABLE 1 


The relalton of molecular configuration to the deamination of sympathomimetic amines by the 
oscorbtc ac{d-<2«hy(lrdascorbtc act'd system 


AUINZ rourCLA 

AMINE 

JUCOIBIC 

AOS 

tHEOUtn. 

CAtlKOV- 

eivoeNHi 

ANNOKIA 

UCOVEIEO 

(AV.) 

ntCXKT 
NH»«cov- 
EUD (AV.) 




M/m. 

WPN. 


Ampbetamioe 

SO 4 





CHr-CH— CH, 

j SO 


4.6 

2.49 

64.1 


1 75 


6.9 

2.13 

31.0 

6 ‘ 


so 

0.2 

3.21 

: 34.9 

^-pheapropylamioe 

8 O 4 





CHf— 

50 

50 

4.6 

2.46 i 

53.5 


76 

50 

6.0 

2.80 

42.1 

0 

100 

60 

9.2 

3.75 

i 

44.9 

-y-phenpropylamiDe 

SO 4 





CH|“CHx— CHj 

60 

so 

4.6 

.56 

12.3 

/ \ 

76 

SO 

6.0 

2.15 1 

31.2 

^ NH, 

100 

SO 

9.2 

2.10 

22.8 

Fhenethylamine 

HCl 





CHy~CHj 

50 

SO 

5.4 

2.29 

42.5 

/ \ 

75 

so 

8.1 

2.83 ; 

35.0 

0 ■ 

100 

50 

10.8 

3.25 

30.0 


ever, in the case of the tertiary amines it is impossible for the formation of the 
imino group to take place as illustrated in equation 1, since two hydrogen atoms 
on the same C — N linkage are not available for reduction of the dehydroascorbic 
acid. 

Sympathomimetic amines having an aromatic hydroxyl group in the para position 
were not deaminated under these conditions by ascorbic acid even when the 
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compounds contained a primaiy amino group (table 2). These observations 
may be e^Iained by the follovdng equation for the reacfions as we believe them 
to occur in the case of these compounds {equation 3)' 


Reduced as- 

corrhic acid ( — 0) 

+ 0; 


/V Oju. 2 WXl2 

NHj 

\/ 

OH 


Oxidized as- 
corbic acid 


Reduced as- 
corbic acid 


+ 


+ 


CHs 

\ 

, NHj 

\yOH 

OH 



According to equation 2, the equivalent of one molecule of oxygen is shared 
to oxidize the ascorbic acid to dehydroascorbic acid and the p-hydroxyphen- 
ethylamine (tyramine) to its orthodihydroxy homolog. The dehydroascorbic 
acid oxidizes the catechol nucleus to the oriko quinonoid state and is itself re- 
duced. This gives rise to an oxidation-reduction equilibrium which does not 
permit deamination to take place. Obviously, sympathomimetic amines having 
a catechol nucleus would not be deaminated by ascorbic acid since they would 
fit into the above equilibrium. 

The following evidence is in support of this equation: 

1. That there is formed an ortho dihydroxy nucleus in the course of the re- 
action can be shown by Richter’s test for adrenalin and its homologs (8). This 
test depends on the presence of a 3-4 dihydroxy phenyl nucleus and an ethylamine 
or isopropylamine side chain, and can be used in the presence of ascorbic acid. 
This last is. a point of advantage over most of the tests, as FeClj. This test 
depends on the adsorption of the ortho dihydroxj' compound from solution on 
Al{OH)j at pH 8 and elution mth NajHPOi. Iodine in KI solution is added 
to the phosphate solution which is buffered at pH 5.2 with acetate buffer, and 
the excess iojline is oxidized with sodium thiosulfate leaving the pink color of 
the iodine complex formed with the adrenalin-like compound. 

2. The formation of the ortho dihydroxy nucleus is dependent on the presence 
of the ascorbic-dehydroascorbic acid system for the oxidation and is not due 
to autoxidation of the initial compound. Tyramine can be vigorously oxygen- 
ated for 24 hours at the end of which time the above test for the catechol nucleus 
is negative unless ascorbic acid was initially present, also. 

S. Depending on the p-hydroxy derivative used, when air is bubbled through 
a solution of the amine and ascorbic acid at 37°C. there is formed fairly soon an 
orange, orange-pink or orange-brown color. This is in contrast to a faint straw 
color which becomes apparent after vitamin C and amphetamine or a similar 
compound are oxygenated for about 18 hours. In view of the equations this 
may be taken as presumptive evidence for quinone formation. 

4. This color formation does not occur when tyramine is oxygenated under 
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similar circumstances but \vithout the presence of ascorbic acid in the solution. 
Thus the ascorbic acid is necessarj* for the reaction to go to quinone formation. 

TABLE 2 


The relation of molecular conjiffuration to the deamination of eympathomimetic aminet by the 
ascorbic aeid-dehydroaseorbic acid system 


Mcnfiiottnrxjk 

AKDtt 

ASCOtBlC 

KtS 

THEOtETI- 

CALBtCOV. 

EtTOrNHl 

AWONU 

lECOVKIXD 

(AV.) 

rttCEHT 

NUlfcECQV- 
Eteo (AV.) 


mtm. 

mfm- 

MIM. 

Mfm. 


Paredrine 

HBr 





CHr-CH— CH, 

50 

50 

3.7 

00 

00 

/ \ 

75 

50 

5.2 

00 

00 

n ™‘ 

1 too 

1 

50 

r.t 

00 

00 

Yh 






Tyramine 

HCl 

1 





50 

50 

4.9 

00 

00 

/ \ 

75 

50 

7.4 

00 

00 

X 

too 

50 

9.8 

00 

00 

Y 


1 

t 




d-pbenisopropyldimethyUmioe 



(CH,),NH 



CH,-CH-CH, 


50 

11,7 

00 

00 

/ \ 


50 

17.6 

00 

00 

/X N-CH, 


50 

23.6 

00 

00 

11 \ 






u 






Propadrioe 

HCl 






50 

50 

4.6 

.42 

9.0 


75 

50 

6.8 

.81 

11.9 

OH NHt 

100 

50 

9.1 

.86 

9.4 

Ephedrine 

SO. 


CHjNH, 

CH.NH, 

CHjNH, 

y^CH-CH-CH, 

50 

50 

5.1 

.54 

10.6 


7S 

SO 

7.6 

.81 

10.7 

OH NH 

100 

50 

10.2 

.61 

6.0 

KJ \ 






B 

> 







6. That the color formed is due to some labile system capable of being easily 
reduced may be showm by the addition of a trace of sodium bisulfite to the col- 
ored solution. Thereupon, the color quickly disappears. 
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Discussion. These experiments serve to emphasize another factor in the 
inactivation and also S 3 'nthesis of the sj'mpathomimetic amines. The signifi- 
cance of ascorbic acid in the deamination of primary and secondary sympa- 
thomimetic amines having no aromatic hydroxyl group lies in the fact that 
hereby one may explain why those compounds not inactivated by amine 
oxidase are not entirely excreted as such or conjugated. Both the vitamin 
C and amine oxidase systems deaminate primary and secondary (sympathomi- 
metic) amines when the amino group is on the . terminal carbon atom but, of 
the two, only the ascorbic acid system will deaminate the isopropylamine 
homologs. Lending support to this view are the following in vivo experi- 
ments. We have shown that by giving an hepatotoxin, carbon tetrachloride, 
in sufficient amounts to inhibit secondarily or partially destroy amine oxidase, 
/3-phenylpropylamine and 7 -phenylpropylamine can be caused to be excreted 
as such ; whereas they are ordinarily deaminated by amine oxidase and are not 
normally excreted as such when given in 10 to 25 mgm. doses (5). On the other 
hand CCL also causes a depletion of the vitamin C content of the liver and other 
organs ( 10 ). Therefore since /3-phenylisopropyIamine (amphetamine) is deami- 
nated by ascorbic acid it is understandable that by giving carbon tetrachloride 
one can cause all instead of onlj' part of a given dose of the amine to be excreted 
even though amphetamine is not deaminated by amine oxidase (9). Conversely, 
giving dogs injections of 200 mgm. of ascorbic acid per day cuts down the ex- 
cretion of amphetamine to about one-third of the amount normally excreted by 
the animals ( 6 ). 

The in vitro oxidation of the para hydroxy phenyl sympathomimetic amines 
to their corresponding ortho dihydroxy homologs with the subsequent inhibition 
of destruction of the new compound, suggests the possibilitj’’ of a new r 6 !e for 
ascorbic acid. It may well be that it brings about a step in the synthesis of 
adrenalin from its monohydroxy precursors. This hypothesis is attractive be- 
cause of the abundance of ascorbic acid in the body, the fact that this step does 
take place in vitro and the lack of positive evidence that there is present in the 
body a phenol oxidase capable of bringing about this transformation. Schemes 
for the synthesis of adrenalin in the body have simply assumed a phenol oxidase 
to be present in mammalian tissues .since it is ividelj' distributed in plants and 
some lower animals. So far there has been prepared from mammalian ^issues 
no phenol oxidase capable of oxidizing compounds of the nature of tyramine or 
paredrine to the eorresponding amine having a catechol nucleus. 

It has been known for some time that a relatively large amount of ascorbic 
acid is stored in the adrenal glands. Heard and Welch (11) have admirably 
shown that the presence of vitamin C aids in the stabilization of adrenalin during 
its storage in the adrenal gland. Our experiments directly bear out their obser- 
vations concerning the inhibitory effect of vitamin C on the inactivation of ad- 
renalin homologs, once they have been formed. 

SUMMARY 

By means of an in vitro method, it has been shown that there is a definite 
relationship between molecular configuration and the reactions of sympatho' 
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mimetic amines with the ascorbic acid-dehydroascorbic acid system. It was 
observed that: 

1. Compoxinds having no hydroxjd group on the ring and having a primary 
amino group on the side chain were deaminated with a rccovei^' of 30 to 64.1% 
of the theoretical yield of ammonia. 

2. An hydroxyl group on the side chain beta to the primary amino group de- 
creased the deamination of the compounds to about 10% of the theoretical 
recovery (propadrine 9 to 11.9%). 

3. A secondary methyl group in addition to the aliphatic hydroxyl radical 
did not materially affect the deamination (cphedrine 6 to 10.7%) as compared 
to the corresponding primary amine (propadrine). 

4. A tertiary amine on the side chain precluded the possibility of deamination 
by this system. 

5. Where an hydroxyl group existed in the para position on the aromatic 
nucleus the compound was oxidized to the ortho dihydroxy compound. Deamina- 
tion was inhibited since the catechol nucleus and its corresponding ortho quinone 
entered into oxidation-reduction equilibrium with the ascorbic acld-dehydro- 
ascorbic acid system. 

The possibility that ascorbic acid serves (1) in the deamination of certain 
sympathomimetic amines not inactivated by amine oxidase (^) in the synthesis 
of the ortho dihydroxy from the para hydroJQ^ adrenalin precursors and (5) in 
the stabilization of adrenalin in the body has been proposed and discussed. 

The author wishes to acknowledge his appreciation of the criticism of this 
paper by Dr. Walter J. Meek. 
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The effects of various sulfonamide compounds On Brucella melilensis, as deter- 
mined bj’' the Warburg manometric method, have been previously reported (1). 
Of the compounds then available for clinical use, sulfathiazole was found to have 
the most marked bacteriostatic effect on this organism. The present studies 
were undertaken to compare the bacteriostatic action of sulfathiazole, sulfadia- 
zine and sulfaguanidine on various brucella strains, and to determine the ability 
of p-aminobenzoic acid to inhibit the action of sulfathiazole. 

Matebial ANn METHODS. For these experiments four strains of Brucella suis, one strain 
of Brucella melilensis, and tn-o strains of Brucella abortus, were used. Two of the suis 
strains (B and JI) were isolated from human sources, one (ABF 36) from an animal source, 
and one (47) was a stock strain. The melitensis strain (428) was a stock culture which 
received three mouse passages before being used. The abortus strains, which did not 
require (lOj for growth, were obtained from the Animal Disease Station, Beltsville, Md. 

After the organisms had grown for 18 to 20 hours on bacto-tryptose (Difeo) agar slants, 
the growth was washed off with sterile physiologic saline and the density of the suspension 
adjusted by means of the photronreflectometer so that 0.1 cc. (siee of inoculum) contained 
about 5 million organisms. 

Bacto-tryptose (Difeo) broth was used as culture medium. Both the sulfonamide drugs 
(sulfathiazole, sulfadiazine and sulfaguanidine) and p-aminobenzoic acid were dissolved 
in broth, and made up to the desired concentrations by dilution with broth. These broths 
were sterilized by autoclaving at 15 pounds pressure for 15 minutes. 

The bacteriostatic action of these drugs and the counteracting effect of p-aminobenzoic 
acid were determined by means of the photronreflectometer (2). After 24, 48, and 72 hours' 
incubation at 37°C., samples were withdrawn from the culture tubes and the growth deter- 
mined from the density readings. At the end of each experiment cultures were made on 
blood agar slants from the drug-free and drug-containing broths to insure the absence, of 
contamination and viability of the organisms. 

Results. Experiment 1: A comparison of the bactenostaiic activity of sulfa- 
thiazole, sulfadiazine, and sulfaguanidine on 7 brucella strains. In this experi- 
ment, sulfathiazole and sulfaguanidine were used in concentrations of 2.5, 5, 10, 
and 25 mg.%. Sulfadiazine was used in concentrations of 2.5, 5, and 10 mg.%. 
Drug-free broth cultures were used as controls. The broths (volume 5 co.) 
were inoculated with 0.1 cc. (about 5 million organisms) of saline suspensions of 
18 to 20 hour cultures of the various brucella strains. The results of this experi- 
ment are summarized in table 1 and figures 1 and 2 illustrate experiments on two 
of' the strains studied. 

• This work was supported by the James A. Greene Research Fund. 
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It may be seen from table 1 that sulfatbiazole and sulfadiazine had almost the 
same bacteriostatic effect. The bacteriostatic action of sulfaguanidine was 
more variable and in some instances much less than that of the two other drugs. 
Very small or no differences in the activity of sulfathiazole and sulfadiazine in 
increasing concentrations were observed but with sulfaguanidine significant in- 
creases in bacteriostatic action were frequently observed as the drug concentra- 
tion rose. It is worthy of comment that the Brucella abortus strains studied, on 
which the bacteriostatic effect of sulfathiazole and sulfadiazine was most pro- 
nounced, possess extremely low virulence, whereas the virulence of the other 
strains can be considered moderate or marked. 

Experiment 11: The ability of p-aminobemoic acid to counteract the bacterio- 
static activity of sulfathiazole. For this experiment Brucella suis (strain ABF 36) 
was used. The inoculum was the same as in the preceding experiments. Sulfa- 

TABLE 1 

Percenlage inkthilion oj groviih after 7i houtt’ incufcalion at ST^C. of various brucella strains 
by sulfathiaeole, sulfaguanidine, and sulfadiazine 
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47.7 

49.2 
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46 3 
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40.0 
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52.1 

50.0 

51.6 
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66.3 

63.2 
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59.5 

60.4 

62.4 

62.6 

(ABF 36) 
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54.2 
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48.4 

50.0 

50.6 

52.1 

47.9 

48.4 
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31.4 

36.2 

42.9 

36.7 

3.8 

6.2 

15.7 

20.5 
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31.4 

40.5 

Br. abortus (S). 
Br. abortus 

73.8 

77.4 

76.9 

79.0 

60.5 

60.0 

66.3 

71.8 

74.4 

76.9 

77.4 

(SI) 

82.6 

81.7 

81.1 

82.7 

16.2 

37.7 

65.5 

70.2 

77.6 

74.S 

82.6 


thiazole was used in concentrations of 1.0, 2.5, 5, 10, and 25 mg.%, with and 
without 0.1 mg.% and 1.0 mg.% of p-aminobenzoic acid. Drug-free broths and 
broths contmning 0.1 mg.% and 1.0 ing.% of p-aminobenzoic acid w’ere used as 
controls. Growth was determined by means of the photronreflectometer as in 
the preceding experiments. The results of this experiment are given in figure 3. 

As was found in the preceding experiments, there are very slight differences in 
growth with increasing sulfathiazole concentrations above 1 mg.%. It is appar- 
ent from figure 3 that 0.1 mg.% of p-arainobenzoic acid can partially counteract 
the inhibitory action of sulfathiazole. To a slight degree the effect of 0.1 mg.% 
of p-aminobenzoic acid tends to vary in^'e^6ely Avith the concentration of sulfa- 
thiazole. In a concentration of 1 mg,%, p-aminobenzoic acid almost or com- 
pletely counteracts the inhibitor 3 ' action of sulfathiazole except in combination 
with a sulfathiazole concentration of 25 mg.%, at which a significant though 
moderate sulfathiazole inhibition persists. 
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Experiment III: Persistence of growth inhibition by sulfathiazole and its count- 
eraction by p-aminobemoic acid. lu this experiment after 48 hours' incubation 



5 2,5M<3.% X— x5MG.% ^^IOMG.% 0— ©25MG% 

Fio. 1. Typical ExPEniMENT Illostbatino the Bactebiostatio Action of 
SCLFATRIAZOLE, SOLFADIAZINE AND ScrLPAatTANIDIKE ON 
BnUCEIiLA UELITEN8IS (STRAIN 428) 



o— o2,5MG.% X— X5MG.% a10MG.% O— <I>25MG% 

Fio. 2. Typical Experiment Illustrating the Bacteriostatic Action of Sulfathia- 
ZOLE, Sulfadiazine and Sulfaouanidine on Brucella suis. (Strain M) 

at 37°C., explants of 0.1 cc., each containing approximately 4 million organisms 
{Brucella suis, strain ABP 36) were made from the drug-free, and the sulfa- 
thiazole broth cultures to drug-free broth, and to drug-containing broths of the 
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same concentrations, with and without 1 mg.% of p-aminobenzoic acid. Ex- 
planets from the drug-free broth culture were also made to broth containing 0.1 
cc. of each of the sulfathiazole broths in order to determine whether “carry over” 



Pro. 3. Illustbatino thb Abilitt or p-Amino-Benzoic Acid to Inhibit SutTATHiAzotB 
Action on Broceela sms. (Strain ABF36) 

TABLE 2 


Growth in hours of explants from drug-free and sulfathiazole broths 



pBVO-rU£ 

1 mXATBIAlOLE COKCtHZXAnONS (uSV. %] 



[ . 

2S 

1 ” 

10.0 

250 

Explants from drug-free broth to broth 
containing 0.1 cc. of each drug con- 
centration 

3S.75* 

36.0 

31.0 

! 

^ 29.75 

28.75 1 

29.75 

Explanta from drug-free and drug-con- 
taining broths to drug-free broths ■ ■ ■■ 

38.75 

16.75 

8.25 

6.25 

4.5 

4.0 

Explants from drug-containing broths to 
drug-containing broths 'of the same 
concentration 


1 

1 8.25 

6.0 

1 5.25 

4.75 

4.25 

Explants from drug-containing broths to 
drug-containing broths of the same 
concentration but containing 1 mg. 
per cent of para-aminobenzoic acid . 


' 40.5 

34.25 

' 34.5 

32.25 

22.0 


* The figures are the readings of the photronrefiectometer after 48 hours’ incubation of 
the cultures at ST'C. 


of drug in the explanta could explain the continued inhibitory effect observed 
when explants were made from drug-containing broth to drug-free broth. 

The results of this experiment are given in table 2. Comparison of the growth 
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of explants from the driig-free broth to broths containing 0.1 cc, of each of the 
sulfathiazole concentrations (t.c., the amount of drug “carried over” when ex- 
plants were made from drug-containing broths) with that of explants made from 
drug-containing broths to drug-free broths, shows a marked difference, suggest- 
ing that the metabolic activities of the drug-e.xposed bacteria have been seriously- 
impaired. Comparison of the growth of e.xplants from drug-containing broths 
to drug-free and drug-containing broths of the same concentrations, shows a 
marked bacteriostatic effect, which, in sulfathiazole concentrations above 1 mg. ' 
%, is of similar magnitude. This bacteriostatic effect -n-as markedly inhibited 
when 1 mg.% of p-aminobenzoic acid was added to the drug-containing broths. 
Since every culture was proved -viable at the end of the experimental period, and 
since the e.xplants were identical, this ability of p-aminobenzoic acid to count- 
eract the inhibitory action of sulfathiazole emphasizes further the persistence of 
the sulfathiazole effect upon the bacteria after they have been transplanted to 
drug-free media, regardless of how this effect may be interpreted. 

SUMMARY 

Comparison of the bacteriostatic action of sulfathiazole, sulfadiazine, and 
sulfaguanidine on 7 brucella strains has shown sulfathiazole and sulfadiazine to 
have almost the same effect, 'fhe bacteriostatic effect of sulfaguanidine is more 
variable, and frequently much less marked than that of the other drugs. Sulfa- 
thiazole and sulfadiazine, in increasing concentrations above 2.5 mg.%, exhibit 
verj”- small or no differences in bacteriostatic action, whereas the bacteriostatic 
effect of sulfaguanidine frequently varies directly ivith the drug concentration. 

P-aminobenzoic acid in concentrations of 0.1 and 1.0 mg.%, partially or almost 
completely inhibits the’action of sulfathiazole. 

Organisms exposed to the action of sulfathiazole for 48 hours, then explanted 
to drug-free broth, show a continued inhibition of growth, which is not due to 
“carrj' over” of sulfathiazole in the e.xplants. This persisting inhibitory effect 
is counteracted by p-aminobenzoic acid. 

EEFERENCES 

(1) Kempneh, W., Wise, B., and Schl.ater, C.: Am. J. Jled. Sci., 200: 484, 1940. 
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We have tested a number of sulfonamides, sulfones, and other compounds 
(principally heterocycles) for their effectiveness against two experimental vims 
infections in white mice. None of the drugs were effccti^'e in delnying or pre- 
venting the development of the disease, or in reducing the mortality from the 
infection. However, because a considerable number of compounds were tested, 
and because manj' of them were representative of large groups of related chemi- 
cals, the reporting of these negative results is considered to be of value. 

Material and METnooa. The viruses used were the PR8 strain of InSuenra A virus 
(supplied by Dr. F. L. Horsfall, Jr.) and the 18th mouse brain passage of the Armstrong 
strain of poliomyelitis virus (supplied by Dr. Mice Theiler). Siv to twelve Swiss mice 
weighing 12 to 20 grams each were used for each test. If a doubtful result was obtained, 
the test was repeated with & larger number of mice. 

A fairly constant intake and blood concentration of drug over the entire period of therapy 
were insured by mixing the drug in known percentage with the food (1), which was made 
available to the mice 24 hours a day. The diet consisted of a balanced chick mash which 
had been sifted to reduce it to a homogeneous powder. Weighed amounts of powdered 
drug were added to the mash, which was then shaken in a cardboard container to distribute 
the drug evenly throughout. Sulfanilamide analyses of aliquots of such mixtures indicated 
that an even distribution of drug was obtained by these means. Mice fed well on this diet, 
consuming from 3.5 to 4.0 grams daily per 15 gram mouse. If any signs of toxicity were 
noted, the percentage of drug in the diet was reduced. 

Certain drugs were given intraperitoncally, in which case they were dissolved or sus- 
pended in sterile physiological saline so that 0.25 or 0.5 cc. contained the dose to be given. 
Injections were made once daily for 6 to 8 days. 

Twenty-four to 48 hours after the administration of drug was begun, the mice were 
inoculated with the infecting agent. Influeoia A virus (PR8) was instilled intranasally 
under light ether anesthesia, in 0.05 cc. amounts of a 19~* dilution (2 to 10 M.L.D.}. The 
poliomyelitis virus (AV 18) was injected intracerebrally under ether anesthesia, the dose 
being 0.03 cc. of a 10^ suspension of infected mouse brain. This amount of virus usually 
killed all the control mice. 

The feeding or injection of drug was then continued for at least 5 days after inoculation, 
and the mice were observed for illness. In groups inoculated with influenza, mice found 
dead were autopsied and were considered to have died of the disease if more than one-half 
the total pulmonary volume was consolidated. On the lOtb day after inoculation all sur- 
viving mice were chloroformed and autopsied, and the extent of pulmonarj’ consolidation 
was recorded. In groups inoculated with poliomyelitis, the mice were observed for 21 days 
and were examined daily for signs of paralysis, which usually preceded death by 24 or 36 
hours. 

Blood level determinations of sulfonamide drugs were not considered necessary, because 
there was no question of comparing the relative effectiveness of p3rtlall5' effective drugs, 
and also since adequate blood levels of many of the drugs ate known to be maintained by 
this method of feeding (I). 
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TABLE 1 

Compounds found ineffeclive against PR8 and AVIS viruses in white mice 
Sulfonamide derivatives 


fs8 

DOSAGE AND RODTC 01 
AOiONISTRATION 


S • Methoxy - 8 - aminoquinoline - S - 
azophenylsulfonamide di HCl* 

2-Sulfanilamido-benzothiazole* 


SulfaniIamidoindazole-5* 


Sulfanilamidobenzotriazole-7* 


4 , 5-dimethyI pyrryl) -benzenesul- 

fonamidothiazole-2* 


AViS 

DOSAGE AND ROUTE OP 
AOUimSTBATION 


5-dimethyl pyrryl) -benzene sul- 
fonamidopyridine-2* 


4(lV-2,J-dimethyl pyrryl) benzene sul- 
fonamide* 


J\f‘-acetyl sulfanilamide® 
JV*-methyl sulfanilamide 


A'^>-(2-bydroxy ethyl) sulfanilamide® 


Sulfanilylguanidine® 


Sulfanilylmorphilide® 
JV*-suifanilyl sulfanilic acid* 
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TABLE l~~^onlinued 


8UUOKAK1DE 

1 tkS 

nOSACC AitD XODTX Of 
ASMnnsrBATlON 

AVlS 

SOSACX AKS lOITTE Or 
AStCUtSTlATtON 

Sulfadiazine^ 

1 D.6% po X 6 days 

0.5% po X 6 days 

Sulfamethylthiazole'^ 

1 1% po X 6 days 


Sulfamethyldiazine^ 

1% po X 6 days 

1% po X 6 days 

Na sulfanilyl araanilatef 

3 mgm. ip X 6 days 

S mgm. ip X 6 days 

N^'butyryl aulfatnlamide® 

1% po X 6 days 

0.6% po x6 days 

A^'furfuryl sulfanilamide® 

1% po X 4 days 


^W**bis3ulfamlyl aeriflavine® 

5 mgm. ip X 6 days 

6 mgm. ip X 6 days 

Quitune aulfathiazole biaulfate^ 

1 mgm. ip X 6 days 

2 mgm. ip X 6 days 

f-SuIfanilamido-^'pbenylthiazole* 

5 mgm. ip X 6 days 

5 mgm. ip X 5 das^ 

S - Chloro • 7 - xnethozy • flU' - aulfami* 
dophenyl) amiooaeridine*' 

0.3% po X 5 days 


l^.phenyl aulfanilamide 

1% po X 2 days 

0.2% po X 4 days 

' 0.2% po X 6 days 

^^•BulfaoUylsulfanilamide® 

0 mgm. ip X 6 days 

1% po X 6 days 

1 5 mgm. ip X 6 days 

1% po X 6 days 


* Supplied by Parke, Davia and Company. 

Supplied by Colco Chemical Company. 

f Synthesized by Pr. B. A. Shephard in the laboratory o/ Pr. E. K. Marshall, Jr. 
Supplied by Eli Lilly Company. 

Supplied by Winthrop Chemical Company. 
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TABLE 2 

Compounds found ineffective against PRS and AViB viruses in while mice 

Sulfones 


SVttOiW 

PX8 

DOSAGE AND EOGTE OP 
ADMINISTRATION 

AVIS 

DOSAGE AND KOTTTi: OP 
ADMINISTRATION 

4 - Aminophenyl - S' - aminoquinolyl-S- 
Bulfone* 

S mgm. ip X 6 days 

5 mgm. ip X 6 days 

4, ^'-Diaminodiphenyl BUlfone-2-sulto- 
namide* 

3 mgm. ip X 6 days 
2% po X 3 days 

0.5% po X 6 days 

3 mgm. ip X 6 days 

5 mgtn. ip X 6 days 

3 mgm. ip X 6 days 

Na 4,4'-diaininodiphenyl 6ulfone-2-sul- 
fonacetamide* 

1% po X 6 days 

0.5% po X 6 days 

6 mgm. ip X 6 days 

5 mgm. ip X 6 days 

1% po X 6 days 

1 

Na 4,4'*diaminodiphenylsulfone 
di (dextrose sulfonate)* 

1 

20 mgm. ip X 6 days 
0.5% po X 6 days 

40 mgm. ip X 6 days ! 

20 mgm. ip X 6 days. 
0.5% po X 6 days 

50 mgm. ip X 6 days 

1 

^-Amino pbenyl-S'-atnino-i'pyridyl 
Bultone* 

0.2% po X 6 days 

5 mgm. ip X 6 days 

1% po X 6 days 

^-Lauroyl amino-^'-smiino diphenyl- 
sulfone* 

0.2% po X 6 days 


Diphenyl sullone* 

0.2% po X 6 days 


4,4'-DiethoxydiphenyI sulfoxide* 

0,2% po X 6 days 

0.2% po X 6 days 

4-Amino diphenyl sulfone* 

0.2% po X 6 days 


Dieodium sulf one-acetyl'4 , 4'-diamino 
diphenyl sulfoxide* 

0.5% po X 6 days 

0.5% po X 6 days 

Ethanolamine salt of 4-amino-4'-suo- 
cinyl amino-diphenyl sulfone* 

0.4% po X 6 days 


4 - Amino - 4' - a - dimethylaminoace- 
tylamino diphenyl sulfone metho- 
chloride* 

0.2% po X 6 days 

0.1% po X 6 days 

0.1% po X 6 days 

g,4'-Diamino diphenyl sulfone-4-sul- 
fonamide* 

0.2% po X 6 days 

0.2% po X 3 days 

4,4'-Dinitrodiphenyl sulfone* 

0.1% po X 6 days 

0.1% po X 6 days 

S,4'-Diaminodiphenyl sulfone* 

0.1% po X 6 days 


S,4,4'-Triamino diphenyl sulfone* 

0.1% po X 6 days 


p-Aminoethyl-4-aminophenyl sulfone* 

0.2% po X 6 days 

0.2%i po X 6 days 
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TABLE 2—Ccnitnued 


sviroNs 

TtS 

aosacz and sovte or 

1 ADiaNlSnUTION 

AVlS 

DOSACe AND lOUTE Or 
AD«DnST*ATtON 

4,4'-Diamino diphenyl sulfoxide* 

0.1% po X 6 days 

0.1% po X 6 days 

'Triamino tripbenyl sulfonium 
chloride* 

0.2% po X 6 days 


#,^'-Diamino-5-pyridyl phenyl sulfone* 

3 mgm. ip X 6 days 

‘ 0.5% poxC days 

1% po X 6 days 

Diacetyl diamino diphenyl sulfone’' 

8 mgm. Ip X 6 days 


bis (N [sodium naphthalene sulfonate* 
S'] earbamido*W-phenyl-4)aulfone^ 

5 mgm. ip X 6 days 

0.5% po X 6 days 


• Supplied by Parke, Davis and Company. 
Supplied by Winthrop Chemical Company. 


TABLE 3 


Compounds found ineffective against PR8 and AVIS viruses in while mice 
Quinoline derivatives 


CCWOUNE 

rtS 

DOSACS AND Boon Of 
ADIOKISmTjDN 

AViS 

DOSAOt AND icnz or 
ADKCnmARON 

Hydroxyethylspoeupreine di HCl* 

1 6 mgm. ip X 6 days 
1% po X 2 days 

0.1% pox 4 days 

1.5 mgm. ip X G days 

4-y-Diethylamino-propylamiao-S- 
methoxy-quinaldine S HCl* 

0.5% po X 6 days 

i 

1 


S-Y-Diethylamino*propylamino-ff- 
methoxylepidine monobydrate* 

0.5% po X 6 days 


.J-y-N-morphoBnopropyi-nmino-e* 
methoxyquinaldine trihydrate* 

1% po X 3 days 

0.2% po X 5 days 

0.1% po X 6 days 


fi-Methylquinoline-f-aldehyde* 

0.6% po X 6 days 


Quinoline .^-aldehyde monohydrate* 

0.2% po X 6 days 

5 mgm. ip X 6 days 
0.5% po X 6 days 


e*Methyl quinoline-S-suIfonamide® 

1% po X 6 days 

5 mgm. ip X 6 days 

6 mgm. ip X 6 days 


• Supplied by Parke, Davis and Company, 
Supplied by Calco Chemical Company. 
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TABLE 4 

Compounds found ineffective against PR8 and AVIS viruses in white mice 
Other compounds 


COUPOUKD 

PBS 

DOSACE AMD SOTJTE OT 
ASMIMISTBATION 

AVl8 

DOSAGE AND XOT7TE OP 
ADUmiSTXATION 

d-Di-n-butyIaminomethyl.d-methyl 

hydantoin* 

3 mgm, ip X 6 days 

6 mgm. ip X 6 days 

3 mgm. ip X 6 days 

3 mgm. ip X 6 days 

p-tolamidine HCl* 

0.5% po'x 6 days 

0.6% po X 6 days 

S-p-Diethylaminostyryl benzoxazole 
methochloride* 

l%po X 6 days 

1% po X 6 days 

A7,JV'-di-(4-hydroxyphenyl)-sebaca- 
mide* ' 

0.2% po X 6 days 

S mgm. ip X 6 days 
0.5% po X 6 days 


JV, i\7'-di-(d-aminoethyl) -sebacamide* 

0.2% po X 6 days 


Dithioacetyl-p*phenylenediamine* 

0.2% po X 6 days 


Theophylline* 

0.2% po X 6 days 


Aminophylline * ' 

0.2% po X 6 days 


I-Tetrahydropalmitine HCl* 

3 mgm. ip X 6 days 


Bis-S,7-(p-diethylaminobenzalimino) 
phenothiazine tri HCl* 

0.2% po X 6 days 


p-Diethylaminophenyl-6,J-dimethyl- 

pyrrole* 

I mgm. ip X 7 days 

1 mgm. ip X 8 days 

5,5-Diainino-^-hydroxy-pyrimidine 

sulfate* 

6 mgm. ip X 6 days 

5 mgm. ip X 6 days 

Phenylazo-a, a-diamino pyridine HCl* 

3 mgm. ip X 4 days 



* Supplied by Parke, Davis and Company. 


Controls, fed the same drug mixtures but not infected with virus, were not included in 
the experiments. It was possible to differentiate between deaths due to toxicity and deaths 
due to virus infection, by the presence or absence of pulmonary co^isolidation in the case of 
influenza and paralysis in the case of poliomyelitis. 

In tables 1, 2, 3, and 4 are listed the compounds tested against the two viruses, 
together with the dose in mgm. per mouse for intraperitoneal injection, or in 
percentage of drug in the mixture for oral feeding. 

BIBLIOGRAPHY 
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Cerbera odollam is a tree of considerable height wth dark-green, wedge- 
shaped leaves and yellowish-white flowers. It is a species of the family Apocy- 
naceae. Its nuts when ripe are smooth on one side but rough on the other, 
weighing on the average 2.91 grams. When resting on the rough side they look 
like little turtles. They measure on the average 3.33 cm. in length, and 1.60 
cm. in height. These nuts contain one kernel each, and are highly poisonous. 
The almond-shaped kernels, weighing on the average 2.12 grams each, are 
covered ^ith a gray, hairy, firmly attached seed coat, and are composed of two 
cotyledons. The plant is indigenous to India, Dutch East Indies, Okinawa 
Island, and probably other islands of the Southwestern Pacific, particularly 
along the sea coast. The natives of Dutch East Indies call it Bintara in Ma- 
layan, or Bientaroh Gedeh in Sundancse language. In both British India and 
Dutch East Indies, the nuts have been employed for homicidal as well as suicidal 
purposes. 

deVry (2) in 1864 reported his success in isolating a glycoside called cerberin 
from the expressed oil of the kernels. Subsequently, Oudemans (3), Ghanekar 
and Ayyar (4), and Kafuku and Hata (5) made an analysis of the fatty oil. 
Greshoff (6) claimed to have obtained a water-soluble glycoside, different from 
cerberin, and named it odoUin. He did not, however, give his method of prep- 
aration, or physical constants and elementary analysis of his compound. Char- 
acterization of cerberin was chiefly accomplished by Plugge (7). Since Cerbera 
odollam belongs to the family Apocynaceae which gives rise to Siro'phanihus 
species, Thevelia neriifolia, Nerivm oleander, and other di^talis-like drugs, it 
was natural for Plugge to show the systolic standstill of the frog's ventricle 
following the administration of cerberin or the crude extract (7, 8). At about 
the same time a dissertation w’as written by Zotos (9), but his work was severely 
criticised by Plugge (7). Recently Matsubara (10) reinvestigated the chem- 
istry of cerberin, and proposed a structural formula. 

Our interest in Cerbera odollam was to isolate cerberin and other active sub- 
stances which might be present in the kernels of the nuts, and to conduct various 
pharmacologic experiments with the pure principles. Through the untiring 
effort of our Mr. Austin H. Bro'wn, tw’O shipments of the nuts, correctly identi- 
fied by the Indian Forestry Department, were received from the same party in 
Bombay, India, one in 1938 and the other in 1940. The appearance and other 
features of the nuts answered the descriptions of the introductory paragraph. 

* Read in part at the New Orleans meeting of the Federation of American Societies for 
Experimental Biology, March, 1940 (1). 
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Briefly, the first batch of the nuts yielded 62% by weight of an ether soluble 
fatty oil, from which cerberin separated out. The latter when pure conformed 
to the empirical formula CzsH^sOs. Cerberin could also be isolated from the 
defatted, powdered kernels by extraction with ethanol. 

The second lot of the nuts was first percolated with petroleum ether. No 
cerberin settled out. The alcoholic extract of the defatted kernels first gave 
rise to sucrose, which was easily removed by filtration, and then to a bitter sub- 
stance which could be purified by treatment with anhydrous aluminum oxide. 
To our surprise, this bitter principle was not the same as cerberin. Analytical 
results suggest the formula C 41 H 70 O 20 . The name cerberoside is provisionally 
assigned with the hope that its relationship to cerberin may be somewhat similar 
to that between N-strophanthoside and N-strophanthin-fi ( 11 ). No explanation 
is as yet available regarding the difference in our findings except that man}^ of the 
kernels in the first lot were almost black in contrast with the uniformly gray 
color in the second lot. IVhether or not enzjmatic action had taken place in 
the first lot is a question remaining to be investigated. 

Chemical part. A total of 5.66 kgm. of kernels of Cerbera odollam was ground 
and percolated TOth ether. After the removal of ether by evaporation, the 
yellow fatty oil weighed 3.5 kgm., or 62% of the original material. On standing, 
a heavy, greasy sediment appeared which was separated bs' decantation. A 
portion of the sediment was almost insoluble in cold ethyl acetate, and tasted 
bitter. The residue separated by filtration was, however, soluble in warm 
ethyl acetate, and from this solution crops of crystals deposited. These proved 
to be cerberin. Purification was effected by repeated crystallization from warm 
ethyl acetate and decoloration with animal charcoal. The final product was 
obtained by recrystallization from methanol with the addition of water, drop by 
drop. 

The defatted kernels were further pulverized and percolated wth ethyl al- 
cohol. The alcoholic extract was evaporated under reduced pressure, and the 
syrupy residue was diluted with water. The whole was extracted with chloro- 
form several times. After the removal of chloroform by evaporation the dry 
resinous material was dissolved in absolute ethyl alcohol and from this solution 
an additional quantity of cerberin was recovered. Final- purification was 
carried out in the same manner as above, namely, from methanol. Since it was 
aimed to prepare cerberin of the highest purity, no effort was made to improve 
the yield. The combined amount of pure cerberin from both the oil and the 
marc was only 5.15 grams. 

Cerberin crystallizes in clusters of prisms. It softens at 201-20o.5°C. and melts at 207.5- 
’208.5°C. (corrected). Plugge (7) reported the melting point of 191-192°C.; and Matsubara 
(10), that of 191-193°C. In our preliminary communication (1), it was pven as 
202-202.5°C., but by further recrystallization this was raised to 207 .5-208. 5°C. It is levoro- 
tatory, having a specific rotation of [a]” —46.9° in 95% ethyl alcohol. It is soluble in 

methanol, ethanol, isopropyl alcohol, pyridine, and chloroform, sparingly soluble in water, 
ethyl acetate, and acetone, and very slightly soluble in ether and benzene. It gives a 
positive test with sodium nitroprusside or Tollens’ reagent. With concentrated sulfuric 
acid it produces a lemon yellow color turning to wine red with green fluorescence. 
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reacts with m-dinitro-benzene to form a violet color changing to indigo blue— a sensitive 
test for various cardiac glycosides described by Raymond (12). It develops an emerald 
green color with the Liebermann-Burchard reagent. The Keller-Killiani test was negative. 
Cerberin upon hydrolysis with dilute sulfuric acid in a sealed tube, reduces Benedict’s 
solution. 

Elementary analyses were made by Dr. Ing. A. SchoelJer, Bcrlin-Schmargendorf (before 
World War II), and Dr. Carl Tiedcke, New York City, independently of each other. The 
results are concordant and suggestive of the empirical formula CjtHteOt (calculated C 
= 66.C2, H =* 8.88; found with the specimen from the oil C = 66.48, 66 50, 66.73, 66.65, 
H = 8.71, 8.74 , 8.77, 8.86; found with the specimen from the marc C “ 66.37, 6653, H “ 
8.77, S.S2). It crystaJJires with one-haJ/ molecule of water (for C*«H<jO*'V2HjO, calcu- 
lated HiO 1.72; found 1.75). The formula proposed by Plugge (7) was CjtH«oOi, and that 
by Matsubara (10), CtiH^iOi. 

The second batch of the nuts of Cerbera odoUam arrived as kernels weighing 
21.3 kgm. They were ground, and this time percolated with gasoline. After 
the removal of the solvent by vacuum distillation, an orange-colored oil was 
recovered amounting to about 66% of the original weight. There was very 
little sediment from this oil, and no cerberin appeared. The defatted material 
was next percolated with ethyl ether. Upon evaporation of the percolate, only a 
small quantity of a waxy substance was obtained — insufficient for characteriza- 
tion, The marc was finally percolated with ethyl alcohol, and the combined 
.extracts were distilled under diminished pressure. A repetition of the same 
procedure as employed in the first batch of the nuts with a small portion of the 
residue, at this stage, failed to jneld any cerberin. 

The main body of the alcoholic extract was evaporated under reduced pressure 
to complete dryness and pulverized. The powder w'as taken up in a minimum 
volume of absolute alcohol and fractionally precipitated by anhydrous ether. 
The precipitates were dissolved in absolute methanol. On standing over night 
the middle fractions deposited colorless crj’stals which were water-soluble and 
sweet to taste. When recrystallized from methanol, the substance melted at 
J86-18G.5'’C. (corrected) wth decomposition. The jdeld of the pure material 
was 28.5 grams. The sweet taste, the melting point, and the specific rotation, 
[a]|® -f- 66.7®, already suggest the possibility of sucrose. Analytical data prove 
that it is sucrose (calculated for CuHuOn, C — 42.08, H — 6.48; found C = 
41.95, 42.20, H = 6.09, G.22). _ * 

The filtrates and non-crystalline precipitates from fractionation were com- 
bined and again evaporated to dryness. The powder became darker but pos- 
sessed definite cardiac activity in frogs. A chromatographic experiment w’as 
tried by passing a 3% solution of the powder in absolute alcohol through a 
column (29 cm. long and 1.8 cm. in diameter) of anhydrous aluminum oxide 
according to Brockmann. No single band appeared, and the bro^m color 
spread over the whole column. It was soon found that aluminum oxide ad- 
sorbed the active principle along ivith the colored impurities and that it held the 
colored impurities more firmly than the other substance. This facilitated sep- 
aration and purification. AVhen the column w’as pushed out and treated with 
a sufficient amount of water, the solution, after filtering under suction, gave rise 
to a white, shining deposit on standing — ^bitter to taste and active on the frog’s 
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heart. The entire quantity of the dark brown powder, originally obtained from 
alcoholic extracts, was then triturated with anhydrous aluminum oxide in the 
proportion of 1 part of the oxide and 3 parts of the powder. A thin paste was 
made with w'ater, and the whole hltered. A copious precipitate settled out from 
the filtrate on standing. This was separated by centrifuging, since it was diffi- 
cult to filter. Second and third crops of the fine precipitate were obtained on 
further evaporation and standing. The final product was repeatedly crystal- 
lized from methanol-water mixture, or ethyl alcohol diluted with ethyl acetate. 
The yield of the pure material was 57 grams. 

The pubstance, active on the frog’s heart but apparently not identical with 
cerberin, crystallizes sometimes in rosettes, but frequently in fine plates of vari- 
ous shapes which occasionally form clusters, from an alcohol-ethyl acetate mix- 
ture. It shrinks at 186°C. and melts at 187.5-188.6°C. (corrected). Its 
specific rotation is [a]®* —48°. Its solubility in various solvents is similar to that 
of cerberin except that it is insoluble in chloroform and more soluble in water. 
Its color displays with various reagents are also closely comparable to those ex- 
hibited by cerberin. Upon hydrolysis with dilute sulfuric acid under pressure, 
a reducing component, presumably sugar, can be demonstrated with Benedict’s 
solution. It is thus proposed to name the compound cerberoside, showing its 
relationship to cerberin and anticipating the possibility of its having the same 
aglycone. 

Analysis made by Dr. Carl Tiedcke indicates the probable formula C 41 H 70 O 20 
... ,.',f:calculated C = 55.76, H = 7.99; found C = 65.41, 55.80, H = 7.82, 7.89). 

' This is of course provisional and subject to revision when more chemical data 
are available. No solvent of crystallization is present as revealed by heating 
to constant weight. 

Pharmacological part. For animal experiments, stock solutions of 0.1% 
cerberin in 38% alcohol by volume, and 0.2% cerberoside in 19% alcohol, 
were suitable. From these dilutions were made as desired. 

When adequate doses of either cerberin or cerberoside were injected into the 
frog’s lymph sac, typical systolic arrest of the ventricle could be easily observed 
at the end of an hour. By perfusion into the inferior vena cava of 9 large 
Leopard frogs, according to the method of Howell and Cooke (13), cerberin in 
the c"c)ncentrations of 1 ; 250,000 and 1 : 125,000, induced systolic standstill within 
40 minutes, preceded by slowing of the heart rate and later A-V block. A con- 
centration of 1:500,000 produced a decrease of diastole and sinus rhythm, and 
appearance of premature beats. 

Five similar perfusion experiments were carried out with cerberoside in frogs. 

A 1:20,000 solution caused stoppage of the ventricle in about an hour. A 
1 : 50,000 solution greatly reduced the diastole, diminished the heart rate, and 
brought about several series of premature beats, but did not entirely stop the 
ventricular contraction at the end of an hour. A 1 : 100,000 concentration re- 
sulted in an initial augmentation of contraction and acceleration of heart rate, 
followed by bradycardia. The decrease of diastole was also obvious to the ob- 
server. 
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In etherized cats, sufficient amounta of cerberin or cerberoside, rapidly in- 
jected intravenously, caused a marked rise of blood pressure, arrhythmia, and 
sudden circulator}' collapse — a picture common to all digitalis-like principles. 
When a 1:100,000 solution of cerberin was injected by the femoral vein at the 
rate of 1 cc. per minute into a series of 3 cats, anesthetized by ether, character- 



1 


Fio. 1. Electbocardiographic Changes Produced ar Cerberin 
Cat, male, weighing 2 25 kgm , was anesthetized With ether. Cerberin in a 1:100,000 
solution was injected Into the left femoral vein at the rate of I ec. per minute. The cat 
died with a dose of 0.169 mgm. ner kgm. A total of ^ electrocardiograms was taken from 
Lead II at different stages of tne experiment Only 6 selected tracings are shown in the 
figure. The abscissal time-lines make divisions of 0.02 and 0.1 second, and the ordinates 
represent 0 OOOl and 0 0005 volt. 



istic changes occurred in the electrocardiogram. The results of one experiment 
are shown in figure 1. The chief alterations are slowing of heart rate, prolonga- 
tion of P-H intert'al, ectopic rhythm, secondary' tachycardia, and finally, ven- 
tricular fibrillation. Similar data were obtained in the remaining 2 animals. 

Vomiting uniformly took place when non-anesthetized pigeons and cats were 
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TABLE 1 


Assay in cats 


CBWPOUND 

SEX 

BODV 

WEIGHT 

HE AST 
WEICfft 

FATAL DOSE BY 

UEAN LETHAL DOSE ds S.E. BY 

Body 

weight 

Heart 

weight 

Body weight 

Heart weight 



ktm> 

jrcwi 

mm. per 
igm. 

#igm. per 
gm. 

Utm. per kgm. 

Mgm. Per gm. 

Cerberin 

P 

2.615 

11.3 

145.2 

33.61 




F 

2.618 

7.0 

130.6 

48.86 




M 

2.751 

9.0 

161.9 

495.0 




M 

2.332 

8.8 

150.5 

39.89 




M 

2.311 

7.5 

149.8 

46.16 

147.0 ± 5.7 

40.44 ± 2.58 


F 

2.118 

7.4 

132.9 

38.04 




M 

2.526 

10.8 

161.5 

37.78 




F 

2.641 

9.6 

176.4 

48.54 




F 

2.735 

9.8 

154.2 

43.04 




F 

2.768 

12.3 

116.0 

26.10 



Cerberoside 

F 

2.100 

7.7 

996.6 

271.8 




M 

2.688 

10.0 

729.2 

196.0 




M 

2.533 

9.2 

1550.7 

427.0 




F 

2.654 

9.4 

753.6 

212.8 




M 

2.396 

8.7 

583.5 

160.7 

813.7 ±78 

218.5 ±20.2 


F 

1.993 

6.8 

664.3 

194.7 




F 

2.481 

9.8 

790.8 

200.2 




F 

2.337 

8.7 

876.3 

235.4 




M 

3.013 

11.0 

553.6 

151.6 




M 

3.362 

14.8 

1007.7 

228.9 




TABLE 2 


Assay in frogs 


GLYCOSIDE 

DOSE 

miMBES IN systole/ 
NDHBES USED 

SDio dr SE. 


per gm. 


ligrn. per gm. 



1.2 

0/8 




1.6 

2/10 

1.789 ±0.075 



2.0 

8/10 





1,108 ±0.065 



5 

0/5 




10 

I/S 




12 

1/5 




14 

2/10 

16.57 ±1.19 



16 

4/10 




18 

7/10 




20 

7/10 


Ouabain 



0.465 ±0.011 


given appropriate doses of cerberin or cerberoside. IVhen applied to isolated 
rabbits’ intestines and guinea pigs’ uteri, both glycosides produced stimulation. 
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All the evidence on hand indicates conclusively that cerberin and cerberoside 
have a digitalis-like action. 

In order to determine the potencies of the 2 compounds, assays were carried 
out in frogs'by the U.S.PJQ method (H), in cats by the procedure customarily 
employed in this laboratory (15), and in pigeons by the Hanziik technique (16). 
The following strengths of solutions were used; With cerberin, 1:100,000 for 
cats, 1 : 20,000 and 1 : 5,000 for frogs, and 1 : 10,000 for pigeons ; with cerberoside, 
1:25,000 for cats, 1:2,000 for frogs, and 1:1,000 for pigeons. 

As shown in table 1, cerberin has a high potency, and is approjdmately 5 times 
as toxic as cerberoside to cats. The diflference of activity between the 2 gly- 
cosides becomes much greater in frogs if ouabain is taken as the standard of 
comparison, as illustrated in table 2. In pigeons, however, cerberoside is only 
slightly less^active than cerberin in producing vomiting (table 3), Such dis- 

TABLE 3 


Emesis in pigeons by intravenous injection 


ciycosiDx 

Dost 

1 mnaza voens/ 
innau duo 



Mf". ttf itm. 


mV". ftriV". 

Cerberin 

50 

0/5 



100 

0/5 



125 

3/5 

126.7 ± 7.0 


ISO 

4/5 



170 

3/3 


Cerberoside 

100 

l/IO 


1 

125 

5/10 



160 

3/10 

150.2 dbll.6 


200 

9/10 



250 

9/10 



crepancies of results in different species of animals are not uncommon in accord- 
ance with our previous experience (17). 

SUMMARY 

1. Cerberin can be isolated from both the oil and the defatted kernels of Ccr- 
hera odollam nuts. 

2. From a second batch of nuts, a glycoside similar to but not identical with 
cerberin has been isolated, to which the name of cerberoside has been proposed. 

3. Both cerberin and cerberoside have a digitalis-like action. Cerberin is 
much more potent on the heart than cerberoside. 

Acknowledgment. The authors are indebted to Messrs. Chester C. Har- 
greaves, William T. Winchester, E. Brown Robbins, Robert C. Anderson, Harold 
Worth, and Clarence E. Powell. 
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ELDON M. BOYD and D. H. M. HALL 
Department of Pharmacology, Queen's University, Kingston, Canada 
Received for publication January 7, 1942 

Theobald (1), Hart and Verncy (2) and Pickford (3) demonstrated that the 
less the water load, the greater the relative water-retaining power of a given 
dose of posterior pituitary extract in mammals. From the data of Pickford (3), 
for example, it may be estimated that a dose of 6 X 10"® I.U. (International 
Units) of posterior pituitarj* extract per kilo body weight inhibited by about 
30% the diuresis produced in dogs by the administration of water in amounts 
corresponding to 2% of their body weights, while the inhibition when only half 
this much water was given amounted to about 70%. In the present communica- 
tion it will be shown that posterior pituitary extract in frogs retains progressively 
more water the greater the amount of water administered until a maximal 
retention is reached, after which the water-retaining power of the extract 
decreases rapidly. 

The technique for varying water load was not identical to that of the authors noted 
above. They gave posterior pituitary extract at increasing intervals after giving the same 
amount of water by mouth and thus, they concluded, after progressively less water was left 
in the body. ^Vhile it is true that under these circumstances the pituitary extract acted 
upon progressively smaller water loads, it is also the case that the distribution and effects 
of water taken by mouth may have varied during the varying intervals before the pituitary 
extract was given. In other words, water load connot be considered strictly as the only 
factor which varied in their experiments. To overcome this objection in the present experi- 
ments, posterior pituitary extract and water were both given at the same time to frogs and 
the only variable was (he amount of water load. 

The technique followed was similar to that of Boyd and Whyte (4), Leopard frogs, 
Rana pipiens, were acclimatized to room temperature in water during the warm summer 
months. The required numbers of frogs were then each day individually removed from the 
tank, the urine expressed by pressure over the abdominal wall, the skin carefully dried and 
body weight determined to the nearest O.I gm. In 6 groups of 2 frogs each, they were given 
respectively 10,8,6,4, 2 andO cc.of distilled water per 100 grams body weight by injection 
into the dorsal bmiph sac. One frog of each pair in each group then received by subcu- 
taneous injection 0.5 I. U. of Pituitrin, N.N.R., per 10 grams body weight and the other 
member of the pair was given an equivalent volume of pituitrin vehicle. Every frog re- 
ceived water with or without pituitrin at the same time, the time being noted, and was 
placed in a 400 cc. breaker covered with a weighted glass shield. The animals were then, 
re-weighed at intervals of 0.5 hours from the lime of administration of water and pituitrin 
or pituitrin vehicle. This experiment was repeated to a total of 84 frogs per group, half 
given pituitrin and half pituitrin vehicle. 

Taking the loss of body weight as an index of the loss of body water, we then could calcu- 
late the mean loss of body water in terms of grams per 100 grams body weight of frog. By 
subtracting the loss of body water in frogs receiving no added water from the loss in frogs 
given added w’ater, it was possible to calculate the loss of the injected water in terms of per- 
cent of the volume injected. These figures were calculated for those frogs which received 
and for those frogs which did not receive pituitrin and the difference indicated the amount 
175 
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of injected water which was being held in the body by pituitrin at each inten’al after in- 
jection, The amount of injected water which was thus being held or retained in the body 
by pituitria was expressed as a percentage of the water injected and the mean figures for 
these values have been plotted in figure 1. 

It may be seen from figure 1 that, as more water was injected, progressively 
. more of the injected water was retained by pituitrin. Thus when water was 



2 4 6 8 10 

VOLUME OF INJECTED WATER 
(ML PER 100 GM, BODY WEIGHT) 


Fio. 1. The Pehcentage Retention in Fbogs bt Pituitrin op Various Amounts 

OF Injecteh Water 

injected'at the rate of 2 cc. per 100 grams of frog, about J of it was retained in the 
body by pituitrin over a period of 4 to 5 hours. When 4 cc. were injected, about 
the same amount was retained but when 6 cc. were injected, an average of about 
55% was retained and with 8 cc. the retention rose to almost 80% during the 
4th hour. "When greater amounts of water, 10 cc., were injected, the percentage 
retention began to fall off from the 8 cc. values. 

From these data it w'as obvious that increasing amounts of injected water 
were j-etained by pituitrin to an increasing degree until a maximal retention 
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was reached with some 6 to 8 cc. per 100 grams body weight. To discover the 
effect of pituitrin upon each additional amount of injected water, the percentage 
retention by pituitrin of each additional 2 cc. of injected water per 100 grams 
body weight was calculated at each hour and the means of these values have 
been assembled in table 1. From table 1 it is even more obvious that additional 
volumes of injected water are retained to a progressively greater degree up to the 
3rd injection of 2 cc. The 5fh injection of 2 cc. was not only not retained at all, 
but it hastened the loss of water which othenvTse would have been retained by 
pituitrin. So to speak, the final additional water broke over the pituitrin dam 
and by virtue of the deluge carried away part of the dam which had been holding 
back the smaller volumes of water. 

The effect of varying the dose of pituitrin. The dose of pituitrin used 
in the above experiments corresponded to that used in similar studies on frogs, 
for example those of Boyd and Whyte (4). Per unit body weight, it was one 
million times the dosage used by Pickford (3) for example. Boyd and Whyte (4) 

TABtE 1 


The pereentaffe relation piiuitrin oj each additional See. of tcaler per 100 fframs bods/ tceiffht 
infected intofroffs 



mcxNTAct: tettirnoir (aovis Ams Dt;zcnos) 


1 1 

3 

! s 

« 

s 

Meta 

Ifit 

-5 1 

36 


40 

30 

26 

2nd 

10 1 

15 

! 40 

36 

35 

27 

3rd 

5 i 

90 

100 

105 

105 

81 

4th 

“16 

0 

1 ^ 

130 

45 

36 

Sth 

“16 

“15 

-130 

“130 1 

-60 

-45 


investigated doses of pituitrin from 6 X 10“* to 2.5 X 10"* I.U. per 10 grams 
body weight of frog but all of these doses are much greater than those used in 
studying the antidiuretic action of pituitrin in mammals. It was not until 
studies of a wide range of doses of posterior pituitary extract upon water metabo- 
lism had been made in this laboratory by Boyd, Garand and Livesey (5), that 
the significance of such studies became apparent. Such studies of the effect 
of a wide range of doses of posterior pituitary extract upon water metabolism 
are lacking in most published reports. This is probably because posterior 
pituitary extract is available in ampules of 10 1.U. per cc. and doses of this order, 
when originally injected into man, gave rise to the antidiuretic reaction, while 
in frogs they produced the Brunn or water uptake reaction. Many of the effects 
of posterior pituitary extract upon body water are effects which would disappear 
or even be reversed mth doses of the extract outside a relatively nai row range (5) . 

To investigate the effects of a wide range of doses of pituitrin upon the reaction 
described above in frogs, the animals were assembled as before and given 6 cc. 
of water per 100 grams body weight. They were then injected with pituitrin in 
doses of from 10~“ to 1 1.U. per 10 grams b^y weight, each dose being contained 
in 0.1 cc. of pituitrin vehicle, which volume of vehicle was injected into controls 
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receiving no pituitrin. Each dose was injected into a total of 20 frogs and the 
mean loss of body water again calculated as grams per 100 grams of frog and from 
these various figures the percentage retention by the various doses of pituitrin 
of the water injected. - 

The average percentage retentions have been collected in table 2. Doses 
below 10”^ I.TJ. per 10 grams body weight had no significant effect and hence 
they have been condensed as in table 2. It may be seen that the effect of 
pituitrin in delaying the loss of injected water in frogs was confined to relatively 
large doses of the drug. The maximal effect was obtained with a dose of 1 1.U. 
per 10 grams of frog, a dose which would correspond per unit body weight to the 
injection of a pint of posterior pituitary extract into an adult man. Indeed, it is 
possible that the reaction would have been more marked with even larger doses 


TABLE 2 

The percentage retention by a wide range of doses of pituitrin of Bee. of water per 100 grams body 

weight injected into frogs 


PERCENTAGE RETENTION (HOURS AFTER INJECTION) 



2Qd 

3rd 

4th 

Sth 

6th 

Mean 

1 

55 

48 

34 

31 

22 

38 

lO-i 

49 

34 

20 

16 

8 

25 

I0-« 

21 

15 

8 

9 

5 

12 

10-’ to 10-' 

-2 

-1 

-4 

-3 

-6 

-3 

10-« to 10-« 

4 

3 

-1 

1 

-3 

1 

10-’ to 10'” j 

7 

9 

5 

5 

1 

5 


of pituitrin. For such doses pituitrin as ordinarily available cannot be used 
because its preservative, chlorbutol, begins to exert a lethal narcotic effect in 
doses of 5 I.U. per 10 grams body weight and over (6). 

SUMMAHY 

Posterior pituitary extract, injected into frogs given increasing amounts of 
administered water, retained progressively greater portions of each additional 
amount of water until a maximal effect was reached with a total injection of 6 
to 8 cc. of water per 100 grams body weight. When further additions of water 
were given, the extract had little or no water-retaining effect on them. 

A wide range of doses of posterior pituitary extract was then tried and it was 
found that the water-retaining effect of the extract was restricted to relatively 
large doses of the order of 1 international unit per 10 grams body weight. 
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It is well known that the local action of the more common alkaline sufides, 
when applied topically to the skin, results in a softening and subsequent de- 
struction of the stratum comeum. Hydrogen sulfide itself, while having some 
local irritant action, may produce systemic poisoning due to its penetration of 
the skin. Although this fact is subject to some controversy, Walton and Wither- 
spoon (1) have shoTNTi that the exposure of approximately one-half of the body 
surface of the guinea pig to pure hydrogen sufide gas proves fatal in about 
forty-five minutes. Basch (2) has cited cases in which poisoning resulted from 
the dusting of the skin or scalp with finely precipitated sulfur, and also of cases 
of poisoning in infants treated for scabies with a 10% precipitated sulfur oint- 
ment. This author believes that in conditions of an injured skin (either mechan- 
ically or from disease) sulfur is absorbed, which upon reduction produces hydro- 
gen sulfide poisoning. On the other hand, Yant (3) has reported that the whole 
body of man may be exposed to 2% hydrogen sulfide for thirty minutes without 
observing symptoms of poisoning, discomfort, or skin discoloration. Schultze 
(4), in exposures of pure hydrogen sulfide gas to the intact skin of guinea pig, 
cat and man for periods up 'to sbety minutes, obtained skin discoloration but 
concluded that the absorption of the gas is too slow to cause serious systemic 
effects, and was unable to confirm the results of Walton and Witherspoon. 
In the case of ammonium hydrogen sulfide, little has been reported in the litera- 
ture (Bunce, Parker, Lewis (5)) concerning cither its local or systemic action. 

Experimental. The present study on the local and systemic eifects of ammonium 
hydrogen suISde was undertaken because of the use by the trade of an aqueous solution of 
the compound m a so-called “cold-process” permanent hair wave. The material which 
was used in this study was a commercial hair wave preparation. It consisted of a clear, pale 
yellow, aqueous solution having a strong odor of hydrogen sulfide, a pH of 8-2, and an am- 
monium hydrogen sulfide content of 8.3%. In addition to the liquid preparation, hydrogen 
sulfide and ammonia gas alone and in combination were used. In these experiments the 
gases were conducted onto the skin which was kept moist by several layers of wet gauze. 
During the exposure the entire animal excepting the head was placed in a hood, and the 
draft of air was so regulated as to prevent any inhalation of the gases under test. 

The mouse, guinea pig, rabbit, dog and man served as experimental subjects. The 
periods of.^xposure varied from a few minutes to approximately twenty hours. In the case 


‘ Read in part before The American Society for Pharmacology and Experiment Thera- 
peutics, Boston, April 2, 1942. 

* We wish to thank Dr. A. A. Nelson, Senior Pathologist, Food and Drug Administration, 
for the pathological examinations made in this study. 
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of the gmnea pigs, rabbits and dogs the areas of skin exposures were prepared according to 
the following four categories, (a) clipped free of hair with the epidertnis intact, (6) clipped 
with the epidermis abraded by careful incisions, (c) undipped with epidermis intact, and 
(d) undipped with epidermis abraded by incisions. The abrasions were -longitudinal 
parallel incisions through the epidermis spaced 2 centimeters apart and extending over the 
entire area to be exposed. The purpose of these incisions was to simulate such breaks in 
the skin of the scalp as might result mechanically or from disease. 

The exposure area was in the shape of a girdle extending around the middle of the trunk 
of the anmal;in the human, the exposure area of approximately 200 sq. cm. extended around 
the lower forearm. Contact of the test solution with the skin areas was maintained by 
means of' a cuff made of thin dental rubber dam. This cuff was flared in the middle so as 
to provide a reservoir as well as free circulation of the fluid next to the skin. The edges 
of the cuff were constricted so as to form a snug elastic seal against the skin. During 
exposure all animals were immobilized. In the case of the rabbits a special holder was 
constructed wUch fastened the animal after the manner of a head and hip stock, but in 
such a way that it rested comfortable on its belly. 

In addition to the skin applications the systemic effects of the administration of am- 
monium hydrogen aufide solution by other routes was studied. The material was applied 
orally, intravenously, intraperitoneally, intra- and subcutaneously to dogs, rabbits and 
mice. 

During the various e.xposures lead acetate test paper was held in the stream of expired 
air of the subject, and the time noted at which initial darkening of the paper was obtained. 
In this manner it was possible to determine (qualitatively) the sulfide excretion by the 
lung, and also how soon after the beginning of the exposure sulfide is excreted by Ihe lung. 

The blood of rabbits exposed to ammonium hydrogen sulfide was examined for the 
presence of sulfhemoglobin. The method was briefly as follows: Blood from an ear vein 
was collected in a tube with oxalate and rotated while mixing to ensure complete oxygena- 
tion. A 0.5 cc. sample was transferred to a 25 cc. volumetric flask and hemolyzed with 10 
cc. of water; 0.25 cc. of 1% sodium cyanide solution was added, and the volume made to 
25 cc. The hemolysate was centrifuged forty minutes at 3000 R. P. M. to throw down 
stroma. Readings were made in a spectrophotometer at a wave length of 620 Mh- 'The 
absorption cell was 10 cm. long and of all-glass construction. The method was sufficiently 
sensitive to detect sulfhemoglobin resulting from the reaction of 18 micrograms of am- 
monium hydrogen sulfide with one cubic centimeter of blood fn vitro. This amount repre- 
sents the concentration of ammonium hydrogen sulfide that would be present in vivo if 
1.5 mgm. ammonium hydrogen sulfide were injected intravenously into the rabbit. (This 
if approximately the LD SO.) The calculation also assumes a blood volume of 80 co./fcg. 
for the rabbit. The amounts of sulfhemoglobinfound were expressed in per cent saturation. 
Calibration curves relating per cent saturation with spectrophotometer readings were 
obtained from various mixtures of blood of zero and 100% saturation with respect 
to sulfhemoglobin. 

Preparations of sulfhemoglobin were studied to determine their toxicity. Whole blood 
from rabbits were saturated with hydrogen sulfide in order to convert the hemoglobin into 
sulfhemoglobin. After removal of hydrogen sulfide remaining in physical solution, the 
blood was injected into a rabbit just previously bled of a comparable amount of normal 
blood. The dosage ranged from 1-13 cc. per kgmi. 

In an effort to obtain further information on the mechanism of the systemic action of 
ammonium hydrogen sulfide, methylene blue was administered to rabbits in the fonn of 
0.5% solution in doses ranging from 2 to 8 mgm. per kilograms of body weight. Artificial 
respiration alone and in combination with methylene blue was also administered. In 
addition to these restorative measures animals which had been poisoned slowly by the 
topical application of ammonium hydrogen sulfide to the skin were given st^clmine sulfate 
subcutaneously in conjunction with the methylene blue and artificial respiration. 

Histological examinations were made of the important parenchymatous organs an o 
skin sections both from biopsy and post mortem specimens. 
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TABLE 1 

Topical skin application of an 8.S% aqwoua Motulion of ammonium hydrogen sulfide 


Ko. or 

SOIJCCtS 

■ 


H 

DUMTION or XXFOSTnZ I 

XEUAIZS 

Rabbit 



! 

j 

Area exposed— SiO (cm)* ■■ 
9.S% of body surface 

5 

2.3-3.6 

Clipped 

Abraded 

3-6 

3-12 min. 

Death in all cases 

Survival 24 hrs. on 5 cc. 

17 

2.9-3. 5 

Clipped 

Intact 

&-20 

Shra. 

Average for 10 cc. was 
death in 8 hrs. 

Death in 2} hrs. from 25 cc. 

3 

2.&-2.8 

Undipped 
! Abraded 

l(y-25 

20 min. 

Two survived 10 and 15 cc. 

14 

Guinea pig 

2. 8-3. 2 

Undipped 

Intact 

10-60 

20 min. to 20 hra. 

20 cc. caused death in 8f-10 
hrs. 

60 cc. caused death in 26 
min. 

Area exposed~-90iem)* “ 
It. 8% of body surface 

5 

0.7-0.8 

Clipped 

Abraded 

1.6-5 

20 mm. to 2 bra. 
for smallest dose 

3-5 cc. caused death 26-47 
min. 

g. pig survived from 1.5 ce. 

4 

0.7-1. 2 

Clipped 

Intact 

2.5-10 

20 bra. 

No deaths from 5 ee. or 
less. Above 5 ee. g. 
pigs died in 12-18 days 
from secondary causes 

1 due to exposures 


0.&-1.0 

Undipped 

Abraded 

6-20 

20 min.-2 hrs. 

Death in 2-3 hrs. from 10 

1 CO. or more 

4 

Mouse 

0.&-1.0 

Undipped 

Intact 

6-10 

4-20 hrs. 

' Survival 24 hrs. 10 cc. but 

1 death from Becondar 3 ’' 
causes up to 4 days. No 
deaths at 5 cc. 

Area exposed — 9 (cm)* « 
8.t% of body surface 

10 

Dog 

0.025- 

0.035 

Undipped 

Intact 

o 

d 

3-20 min. 

More than 0.6 cc., death in 
3-20 min. 

Less than 0.5 cc., survival 
Area exposed — 800 (cm)* — 
4.6% of body surface 

5 

9-10 

Clipped , 

Intact 

Undipped 

Intact 

Undipped 

Abraded 

40-160] 

20 min.-S hrs. 

116 cc. to clipped abraded 
skin produced minor 
symptoms of toxicity. 
No deaths 


Results. A summary of the results of skin exposures in animals is given in 
table 1. It is apparent that ammonium hydrogen sulfide penetrated the intact 
skin of rabbits and mice and produced fatal results. The difference between 
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TABLE 2 

The penetralton of hydrogen sulfide alone and in combination with ammonia through the rabbit 

skin 


SABBIT 

KUUBER 

SEX 

WT. IN 
CKXMS 

PBEPN. OF 
SKIN* 

CAS FOR EXPOSURE 

DURATION OF 
EXPOSURE 

XEifAXKS 

78 

o' 

3560 

Clipped 

Intact 

Hydrogen suI6d< 

e 2 hrs. 

Animal survived, but ex- 
hibited erythema and 
“slate grey” discoloration 
of shin exposed. Areas i 
cm. db dark-chocolate 
colored. Expired air gave 
sulfide reaction with lead 
acetate test paper 

79 

cf 

3775 

Clipped 

Intact 

Ammonia plus 
hydrogen sul- 
fide 

1} hrs. 

Died 30 min. after termina- 
tion of exposure from 
typical symptoms of 

NHjHS poisoning. Skin 
lesions. Intense ery- 

thema slate grey and 
usual areas 1 cm. + of 
chocolate-like discolora- 
tion 

80 

c? 

3060 

Clipped 

Intact 

Ammonia 

1 hr. 25 min. 

Intense erythema. This ex- 
posure caused suSicient 
burns to skin to cause 
death 2 days after ex- 
posure 

81 

c? 

3405 

Clipped 

Abraded 

Hydrogen sulfide 

j 2 hrs. 

Died in 2i hrs. Slate grey 
discoloration of skin and 
usual areas 1 cm. -f- in 
diameter of chocolate- 
colored areas 

82 

o’ 

3200 

Clipped 

Abraded 

Ammonia plus 
hydrogen sul- 
fide 

43 min. 

Died in 49 minutes. Usual 
skin lesions. During ex- 
posure, lend acetate test 
paper gave strong sulfide 
test in expired air 

84 

o’ 

3385 

Clipped 

Intact 

Hydrogen sulfide 

1} hrs. 

Died ini hr. 40 min. Symp- 
toms of toxicity noted 26 
min. after initial of ex- 
posure, Sulfides in ex- 
pired air 7 min. after 
initial of exposure 

85 

9 

3790 

Clipped 

Intact 

Ammonia plus 
hydrogen sul- 
fide 

48 min. 

Died in 60 min. First symp- 
tom of toxicity 12 min. 
after initial of exposure. 
Sulfides in expired air 5 
min. after initial of ex- 
posure 


Areas of exposure measured approximately 240 (cm)*. 
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abraded and intact skin is most striking. The presence of hair served to reduce 
the effective toxicity, possibly by adsorbing considerable quantities of the com- 
pound as well as preventing its intimate contact with skin, since death resulted 
onlj’ from a relatively large dose (25 cc.) when applied to the undipped abraded 
skin of the rabbit. The same general relationships were also obtained with 
intact skin. 

In table 2 are given the results of the application of hydrogen sulfide gas, 
alone and in combination with ammonia, to the skin of rabbits. It can be seen 
that the penetration of hydrogen sulfide atone is rather slow, but upon addition 
- of ammonia the reaction is considerably enhanced. This difference is even more 
striking in the e.xposures of abraded skin to hydrogen sulfide. The exposure 
to ammonia gas alone caused severe burns of the skin. These bums were 
sufficiently severe, follounng one and one-half hours of exposure, to cause death 
within 24 hours. 


TABLE 3 


Toxicity o/ armnonium hydrogen ty various routes of adminisirotion 


soiffcr 

tome Of ADUDnSXEATJON 

tETBAt POSE NB JIS 
(ucw Ttt XCV. BODY WXtCHT) 

Mouse 

Intravenous 

2 


Intraperitooeal 

10 


Subcutaneous 

10 


Oral 

so 

Babbit 

Intravenous 

1. 6-2.0 


Subcutaneous 

7 6-10 


Intracutaneous 

30-^0 

Dog 

Intravenous 

2 


In table 3 are given the lethal doses for the dog, rabbit and mouse w’hen 
ammonium hydrogen sulfide is administered by routes other than percutaneous. 
Although not indicated in the table, it is interesting to note that intravenously 
the toxicity of hydrogen sulfide and ammonium hydrogen sulfide is the same when 
calculated on the basis of sulfur content. By comparison with Table 1, it can 
be seen that the intravenous dose is extremely small when compared with the 
percutaneous. In addition the intravenous lethal dose is approximately the 
same for all three species, while rather wide differences obtain in the percutan- 
eous. This gives some indication of the measure of effectiveness of the epidermis 
and cutis in protecting the animal against toxic agents. 

When the blood of rabbits was examined for sulfhemoglobin at various times 
during the exposure to ammonium hydrogen sulfide, the pigment could be clearly 
demonstrated only in those cases where the exposure had lasted for at least 
twenty minutes. In fact the highest percentages of saturation (15-20%) were 
observed after two or three hours, and on several occasions even after twenty- 
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four hours. In contrast, where death resulted in 3-12 minutes after exposure of 
scarified skin, or even more quickly (2-3 minutes) after intravenous injection 
of aii^onium hydrogen sulfide, no sulfhemoglobin- was detectable in the blood. 

In figure 1 the percentage saturation of blood has been plotted against time of 
exposure. It can be readily seen that the formation of sulfhemoglobin occurs 
rather slowly. 

It seemed of interest to determine whether sulfhemoglobin, aside from its 
immobilization of oxygen-carrying pigments, could per se be toxic. When blood, 
completely saturated with hydrogen sulfide but with all traces of physically 



0 0.5 1.0 1.5 Z-O 2.5 30 3.5 

PERIOD OF EXPOSURE IN HOURS 

,Fio. 1. The Increase with Time in Percentage Saturation op Eabbit Blood with 
Sulfhemoglobin during Cutaneous Exposure to Ammonium Hydrogen Sulfide 

dissolved sulfide removed, was administered intravenously in the rabbit, no 
S3miptoms of toxicity were observed from doses of 1 to 13 cc. per kilogram of 
body weight. The only abnormality observed in these animals was the excretion 
of darkly colored urine for several days subsequent to the injection. 

In table 4 are given the effects of the administration of methylene blue and 
artificial respiration, alone and in combination, in ammonium hydrogen sulfide 
poisoning. Methylene blue alone, in doses up to 8 mgm./kgm. intravenous^'', 
protects only one of five rabbits administered the surely fatal intravenous dose 
of 2 mgm./kgm of ammonium hydrogen sulfide. Artificial respiration alone 
protected rabbits from twice the surely lethal dose. Following combination o 
methylene blue and artificial respiration some animals were able to survive 
times the surely fatal dose of 2 mgm./kgm. 
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Symptoms and PATnoLOor. In acute deaths the first symptom observed in 
ammonium hydrogen sulfide poisoning was a stimulation of respiration; the 
stimulation of the respiration was sometimes preceded by a slight drop in blood 


TABLE 4 

The effect of aTlificial respiration alone and wilh methylene blve in poisoning 


lABBtT 

mnrBES 

sex 

weicBi 

sose or 
NHillS IK 
new uneA* 
VntOOSLY/ 
acw.* 

1 

rroraiuCTic rroctooiet 

BZUAtKS 

90 

9 

tmt 

4665 

2 

6 mam./kem. of metbvlene 

Recovered 

93 


3800 

2 

blue only 

8 mgm.Ag®- of methylene 

Recovered 


9 

4410 

2 

blue only 

' Smgm./kgm. of methylene 

Died 

95 

<? 

3875 

2 

blue only 

8 mgm./kgm. of methylene 

Died 

96 

d- 

3330 , 

2 

blue only | 

Artificial respiration only 

Recovered— no subsequent 

9S 

d 

3365 

i 

2.5 

Artificial respiration only 

ill effects 

Recovered— no subsequent 

99 

d 

4050 

2.6 

Artificial respiration 

ill effects 

Recovered but died 3 days 

100 

d 

4270 

3 

Artificial respiration 

later 

Recovered 

102 

d 

3615 

4 

Artificial respiration only 

Recovered— no subsequent 

103 

d 

3340 

4 

Artificial respiration plus 

ill effects 

Recovered— no subsequent 

104 

d 

3960 

5 

6 mgm./kgm. of methyl* 
eoe blue 

Artificial respiration plus 

ill effects 

Recovered— no subsequent 

105 

d 

4040 

6 

6 mgm./kgm. of methyl- 
ene blue 

Artificial respiration plus 

ill effects 

Recovered— no subsequent 

106 

d 

3535 

8 

8mgm./kgtD of methyl- 
ene blue 

Artificial respiration plus 

ill effects 

Recovered— but sacrificed 

lOS 

9 

4150 

8 

6 mgm./kgm. methylene 
blue 

Artificial respiration plus 

due to nerve injury 

Recovered — but sacrificed 

109 

9 

2785 

8 

8 mgm./kgm. methylene 
blue 

Artificial respiration plus : 

due to nerve injury 

Recovered — died 24 hours 





S iDgni./kgm. methylene I 
blue 1 

later due to nervous in- 
jury 


• The lethal dose by intravenous route for rabbit is 1.5-2.0 mg. NH<HS/kgm. 
f Methylene blue when administered was given intravenously. 


pressure. The amplitude as well as the rate of respiration was increased. As 
poisoning progressed there was dyspnea ttith a slotsing of the rate to periods of 
apnea. As asphyxia became more pronounced the pupils were widely dilated 
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and the animal appeared uneasy to the point of struggling or minor convulsions. 
The asphyxia was accompanied by a rise in blood pressure. The animal usually 
died, after complete prostration with or without a violent convulsion, from 
complete arrest of respiration. The heart continued to beat for two or three 
minutes following complete arrest of respiration. 

In a few human subjects, where the forearm was exposed for ten to twenty 
minutes, the immediate effect was a local sensation of warmth, described by some 
as uncomfortable. Upon removal of the cuff there was also a purplish to “slate 
gray” discoloration of the skin, but this was evanescent. The most significant 
effect was an erythema which persisted for several days and was followed by 
pigmentation. The exposed area was only slightly painful to pressure and could 
be described as resembling a severe sunburn. It is rather interesting that a solu- 
tion of ammonia applied in concentration equal to that in ammonium hydrogen 
sulfide but neutralized to approximately the same pH (8.2) with carbon dioxide 
was without noticeable subjective or objective effect upon the human skin. 

After exposure to ammonium hydrogen sulfide or hydrogen sulfide the skin 
of animals also showed a purplish or slate gray discoloration. In many cases 
this was quite superficial and evanescent although accompanied by a dermatitis. 
Many small areas of one or more centimeters in diameter were of dark chocolate 
color and remained so. Histological examination of skin from six animals 
showed an acute necrotizing dermatitis of varying severity, up to complete 
necrosis of the epidermis, hair follicles and corium. The corium in general 
showed less damage than the epidermis. A moderate amount of acute inflam- 
matory cellular exudate was present; edema was occasionally present. In 
addition, two animals which survived twenty-four and forty-sLx hours beyond 
the time of exposure to ammonium hydrogen sulfide showed numerous foci of 
recent coagulative necrosis of the liver and some kidney damage, consisting of 
slight necrosis of the loops and convoluted tubules and the presence of mod- 
erate amounts of protein material in the tubular lumens. In contrast, except for 
the usual superficial effects noted grossly on the skin, one animal which died with- 
in three minutes showed no pathological lesions attributable to the application 
of ammonium hydrogen sulfide. 

Discussion. Ammonium hydrogen sulfide is a severe irritant capable of 
penetrating the intact skin and causing death. Evidence that the compound 
must reach the blood stream is clearly demonstrated by the findings of hydrogen 
sulfide in the expired air, sometimes considerably in advance of the onset of 
symptoms. Notwithstanding the assertion of Haggard (6) that sulfhemoglobin 
is not found in vivo, it has also been a common finding that the blood of animals 
whose skin was exposed to ammonium hydrogen sulfide carried from 10-20% 
saturation with sulfhemoglobin. It must be noted that this formation of sulf- 
hemoglobin required at least twenty minutes of skin exposure to ammonium 
hydrogen sulfide before appreciable amounts could be detected in the blood. 
Presumably this delay was caused, not by the lack of hydrogen sulfide in the 
blood (for this occurred within three to six minutes after the beginning of expo- 
sure), but by some other mechanism such as methemoglobin formation. In 
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connection with the slow formation of sulfhemoglobin, it is also interesting to 
note that when 2 mgm. per kgra. of ammonium hydrogen sulfide are injected 
intravenously and death results in from three to five minutes, no sulfhemo- 
globin can be detected, even though the addition of comparable amounts of 
ammonium hydrogen sulfide to blood in vitro produces enough sulfhemoglobin 
to be readily detectable. 

The contrast in symptoms resulting from the application of small intravenous 
doses and large topical doses to the skin, is striking. In the former case death 
occurs almost instantaneously due to respiratorj- failure. The respiratory- 
involvement closely resembles the effects of cyanide; in fact the observations of 
Hermans and Bouckaert (7) indicate that the hyperpnea of hydrogen sulfide, 
like that of cyanide is 'a chemoreceptor phenomenon. Methylene blue alone, 
and especially in combination with artificial respiration, enables the animal to 
withstand the respirator}' crisis. It would appear that artificial respiration is 
merely the mechanical factor of maintaining the organism during the period of 
temporary paralysis of the respiratorj' center. In addition, strj’chnine was 
given also in combination with methylene blue and artificial respiration. Al- 
though strychnine is not considered a very satisfactory respiratory stimulant, 
it was given to these animals exhibiting sudden complete failure of the respira- 
toiy center to produce violent medullary stimulation thereby attempting to 
raise the reflex excitability of the center. It was hoped thereby to carry the 
animals beyond the acute crisis, which few survive. The function of methylene 
blue is less clearly defined. With the slow death, follovking topical skin ap- 
plication, the animal exhibits unmistakable signs of oxygen lack. This may be 
caused (I) by a deterioration of the mechanism of oxygen utilization in the 
tissues or (S) disturbances in the oxj’gen carrying capacity of hemoglobin. It 
would ajjpear that a 20% saturation of blood with sulfhemoglobin could scarcely 
be the sole factor involved here, and certainly the indications are that sulf- 
hemoglobin itself is non-toxic. 

The percutaneous absorption of hydrogen sulfide alone is relatively slow; 
the presence of abrasions on the skin, however, permits relativ'ely rapid absorp- 
tion. In the case of ammonium hydrogen sulfide, absorption is relatively rapid 
even through the intact skin. These experiments do not show why ammonium 
hydrogen sulfide penetrates the skin more rapidly. The irritating properties 
of the ammonium radical may in part account for the erythema and congestion 
of the skin. This could favor absorption because of the increased blood supply 
to the part. On the other hand, the intrinsic properties of molecular ammonium 
hj'drogen sulfide may be such as to favor its penetration over that of molecular 
hydrogen sulfide. 

CONCLUSIONS 

(1) Ammonium hydrogen sulfide is a severe skin irritant; it penetrates the 
intact skin producing characteristic symptoms and death. 

(2) Abrasions of the skin facilitate the absorption of ammonium hydrogen 
sulfide. 
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(3) Poisoning from ammonium hydrogen sulfide occurs more rapidly than 
from hydrogen sulfide, when these compounds are in contact with the skin. 

(4) Following skin exposures to either ammonium hydrogen sulfide or hydro- 
gen sulfide, sulfhemoglobin can be detected in the blood and hydrogen sulfide 
in the expired air. 

(5) Artificial respiration, alone and in combination wdth methylene blue, is 
effective in protecting animals against two to three times the intravenous lethal 
dose of ammonium hydrogen sulfide. 
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Vegetable oils have been employed as solvents for the wateMnsoluble, anti- 
hemorrhagic ;&-methyl-f ,4'n^phthoqumone (Menadione, N. N. R.) but, although 
parenteral administration has been successful, experience has shown that the 
natural oils are not entirely satisfactory for such use. In sunlight, or on irradia- 
tion with strong artificial light, the commonly employed oils, (peanut, com and 
almond) deteriorated rapidly at 100®C., and the absorption curves' were altered 
markedly, even at room temperature. Like aqueous solutions of the quinone, 
those in oils were also photosensitive. Furthermore, these oils are absorbed 
rather slowly when administered intramuscularly. Considerable amounts of 
com oil remained at the site of injection in guinea-pigs for three days and the 
same w’as true of almond oil, though it seemed to be absorbed somewhat more 
rapidly. Accordingly, a search was made for solvents that were not only stable 
towards light but were also more readily absorbed. 

Since liquid esters of organic acids proved to be suitable solvents, for the 
quinone, 25 such esters w'ere injected into the gluteal muscles of guinea-pigs and 
the animals were carefully examined for s^temic toxicity, local irritation, and 
the action upon the neuro-muscular functions of the injected leg. 

Rxperiuental. Ether solutions of the commercially available esters were washed suc- 
cessively with cold saturated sodium bicarbonate solution and water, the solvent w-as 
distilled from the dried, filtered ether solution and the residue was fractionally distilled 
in vacuo. The remaining esters were prepared by appropriate methods, either from the acid 
chloride and the required alcohol, or by esterification of the acid with 5-10% of sulphuric 
acid as the catalyst. The resulting esters were purified as above described. 

Ethyl-N-diethylglycine was prepared from ethyl chloroacetate and diethylamine in the 
usual manner and distilled. 

The monobutyl ester of succinic acid was isolated {from a large-scale preparation of the 
normal ester by extraction of the crude product with cold saturated sodium bicarbonate 
solution, an ether solution of the ester liberated on acidification was dried, the solvent was 
distilled from the filtered solution and the residual ester was fractionally distilled in vacuo. 
The properties of the esters are summarised in table 1. 

Monosodium succinate was prepared by adding an alcoholic solution of the acid to one 
equivalent of sodium ethylate in ethanol and the precipitated salt (anal, calcd. for CtHtOi 
Na; Na, 16.41, found; 16.80) was dried in vacuo. A solution of 3 grams of the salt in 10 cc. 
of water was sterilized and used in the toxicity tests. 

For the toxicological experiments 0.5 cc. or I.O cc. of the sterilized esters was injected 
with a short fine needle into the upper part of the leg of the test animal. The animals were 
observed continuously for several hours following the injection and were then examined 
daily for a week. In these examinations, the respiration, free-walking and locomotor 


> The spectroscopic measurements were made by Dr. D. Richardson of the Stamford 
Laboratories. 
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TABLE 1 









SYMPTOMS IN INJECTEO LEG 










KO. 

SUBSTANCE 1 

B.B. AT itit. 

OP BE- 

DOSE 

SYSTEMIC SYMPTOMS 

Deterio- 
ration of 
functions 



1 



rSACTlOH 



Muscle 

toughness 





29 
" t> 





1 

Glycerin triace- 

143 

12 

1.4309 

1.5 

Dyspnea, death 




tate (triace- 
tin) 








2 

n-Butyl acetate 

125 

760 

1.3943 

3.0 

Animals very 

-H-h 

-h-i-i- 


1 





weak, 25% 
died 



3 

Ethyl lactate 

152 

760 

1.4130 

1.0 

Respiration la- 

+ 

Edematous, 







bored, dysp- 


discolored 







neic 





1 



2.5 

Dyspnea, death 



4 

Isopropyl lac- 

54 

13 

1.4099 

1.25 

General lack of 




tate 


1 



muscular con- 
trol 




i 

1 

i 

1 

2.5 

Animals very 

-h-h-i-f' 



1 



1 

J 

weak, 50% 
died 

i 

i 


S 

Ethyl «-hy- 

146 

760 

1.4088 

1.2 

Dyspnea, ani- 

++-+-+1 



droxy-isobu- 

i 



1 

mals spas- 




tyrate 

1 



2.2 

modio 

Animals died 



6 

n-Butyl citrate 

176 1 

2 

1.4450 

3.0 


"t* 

++ 

7 

n-Butyl fuma- 1 

106 

1 

1.4461 

3.0 

All animals died 


+++ 


rate 








8 

n-Butyl croto- 

70 

; 12-15 

1.4320 

3.2 

75% of the ani- 


-f-i-f-i- 


nate 

1 

1 



raals died 



9 

Ethyl succinate 

1 95 

1 10 

1.4196 

1.5 


+ 

10 

n-Propyl succi- 

82 

2 

1.4255 

1.1 


+ 



nate 


1 






11 

Isopropyl succi- 

66-67 

2 

1.4182 

1.1 


+ 



nate 








12 

n-Butyl succi- 

103 

2 

1.4308 

1.1 





nate 




2.2 


(+) 

— 






3.0 


(+) 

-h, some 









edema 

13 

7i-AmyI succi- 

142 

1 

1.4340 

3.2 


— 

++ 


nate 






-f 

++ 

14 

Pentyl-2-succi- 

1 105 

1 

1.4287 

3.0 



nate 

1 

i 




(+) 

•f -f- 

15 ' 

Pentyl-3-succi- 

115 

1 1 

1.4360 

3.0 


1 

16 

nate 

n-Hexyl succi- 

165 

1 

1.4390 

3.0 


(+) 

4-+-1- 

17 

nate 

Cyclohexyl sue-, 

163 

1 

1.4742 

2.8 


- 

4-1- 


cinatc 








18 

Ethyl pimelate * 

98 1 

: 2 

1 

1.4300 

i 

1.25 

2.5 

1 

+ j 




J — — ~ ~ ■ 
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TABLE 1 — Continued 





1 


■ i 


I snrpTous iv wjccteo ieo 

KO. 

St7B?IANCE 

' B P AT mi 1 

“d 

OOSE 

SVSTEUIC SVUPTOUS 

Deteriora- 
tian o( 
fuiKtions 







i 


tousbness 






«-/>£ , 




19 

Etbyl benzoate 

1 92 

1 


1.25 


++ 

++ 

20 

n-Butyl benzo- 
ate 

' 89 

1 

2 

1 

1.4962 

3.0 


+ i 


21 

Cyclohexyl ben- 

110 

1 

1.5220 

3.0 


++ 

++ 


zoate 








22 

Ethyl phthalatc 

112 

1 1 

1.5015 

1.25, 



++ 

23 

n-Butyl phtha- 



1.4929 

1.25 


' ++ 

-f-l", loss in 


late 







elasticity 

24 I 

7 -Valerolactone 

54-56 

2 

1.4W0 

2.S 

75% of the ani- 

++++ 

++++ 



1 




mals died 
within 2 davs 


! 


30% mono-so- 

1 



3.0 

25% of the ani- 

++++ 

4-, edematous 


dtum succi- 
nate 





malsdied 



25 

Mono-butyl sue- 

139 

2 


3.0 

Dyspnea, blocxj 

I++++ 

-f-f, later. 


cinate 

1 


1.4379 1 


in urine, most 
animalsdicd 


necrotic 

20 

Ethyl A'^-diethyl 

82 

25 

1.4023 

0.6 


1 + + 

-f-f, edema- 


glycine 




i 



tous 



CaUuUud far 




7 

C„H«04 

C63.15 

H8.77 

C63.1 

H8 82 

8 

C.HuO, 

67.6 

9.9 

67.54 

9 9 

14 

C„H»0, 

65.2 

10.4 

65 1 

9.97 

15 

CiiHjiOi 

65.2 

10.4 

65.12 

10.42 

16 

CieHioO, 

67.1 

10.5 

66.92 

10.32 


Only the values for esters not reported in the literature are recorded, with the com- 
pounds numbered as above. 

reflexes were observed as well as the readiness and force with which the stretched leg was 
retracted Changes in body weight and anatomical conditions at the site of injection were 
recorded. The results are summarized in table 1. 

From table 1 it appears that the esters of the aliphatic, monocarbo.v^'lic acids 
with relatively low molecular weight arc sj'stemically to.xic. The lethal dose of 
1.5 cc./kg. of glycerine triacetate (triacetin) found in these experiments for 
guinea-pigs is not greatly different from that recently reported (LDjo 2.3) (1) 
for white mice after subcutaneous administration. The behanor of the animals 
suggested that the lethal effect might be attributable to the large amounts of the 
acids liberated by the relatively rapid hiTlrolysis of these esters. The high 
toxicitj’ of the acid monosodium salt as well as the monobutyl ester of succinic 
acid also confirms this view, but in the absence of exact knowledge of the fate 
of the neutral esters upon absorption the evidence is not definite. 

The butyl esters of both the unsaturated acids examined, fumaric and crotonic. 
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The closely related succinates showed slight differences in pharmacological 
action, though no outstanding differences were apparent between esters derived 
from normal and branched chain alcohols, nor between the esters of alcohols of 
even and uneven numbers of carbon atoms. The neutral succinates, as far as 
examined, did not show systemic toxdcity, but whereas the ethyl and propyl 


TABLE 2 


PATIENT 


TSEATJIENT 

PSOTaSOUDW TIME 

No. j 

Age 

DIAGNOSIS 

1 /,^-NAniTnO- 
QVJSOSE j 

DAILY-INJECTED* 

Hours after 1 
first 1 
treatment 

In seconds 


Ethylsuccinate (2 mg. fc./cc.) 


1 

(53 

Acute perforation of gangrenous 

1 

0 

19 



gall bladder. Cholelithiasis 

1 

15i 

IG 





39j 

14 

2 

50 

Carcinoma of gall bladder with 

1 

0 

39 



metastasis in liver 


29 

21 




1 

49 

IB 




1 

74 

15 


Butyl succinate (4 mg. k./co.) 


3 

60 

Periarteritis nodosa 

0.5 

0 

27 





14} 

14 

4 

34 

Pulmonary tuberculosis 

0.5 

0 

37 




0.6 

2-1 

21 





3G 

17 

5 


Obstructive jaundice. Secondary 

0.5 

0 

35 



Ca. of liver 


18} 

14 

6 

42 

Obstruction of common bile duct by 

0.5 

0 

37 



malignant glands 


1 

29 





3} 

20 



i 


18} 

10 

7 


Obstruction of common bile duct by 

0.5 

0 

35 



malignant glands 

0.6 

6 

18 




0.5 

22 

13 


succinates appeared to affect neuromuscular functions somewhat more strongly 
than the higher esters, the amyl and hexyl esters definitely produced the greatest 
damage to the musculature. The neutral butyl succinate showed the minimum 
toxicity and was applicable for parenteral use. Ethyl pimelate was equally 
satisfactory. The esters of the hydroxyacids, however, proved systemically 
to.xic as did y-valerolactone, the single lactone examined. The lethal dose 2.5 

* Similar results were obtained by the oral administration of Vitamin K. 








PARfiNTERAL "USE OF ORGANIC ESTERS 


193 


cc./kg. of ethyl lactate found by us on the guinea-pig is similar to LDjo found 
by Latven and Molitor (2) for subcutaneous administration on the white mouse. 
Ethyl iV-diethylglycine injured the musculature at the site of injection and esters 
of the amino acids were therefore not further examined. Similarly both n-butyl 
and cyclohexyl benzoates were injurious; the same was tnie for ethyl and butyl 
phthalate, and none of the examined aromatic esters proved useful. These 
results show that the applicability of esters for parenteral administration is 
limited to relatively few compounds and that the specificity is marked. 

In clinical tests,® cthj’l, butyl and cyclohexjd succinates were found to be harm- 
less even when injections up to 2 cc. were made. No untoward effects were 
observed wth solutions of the quinonc in the esters. The anti-hemorrhagic 
activity of the solutions is demonstrated in table 2. 

SUMMARY 

1. The applicability of organic esters as solvents for water-insoluble prepara- 
tions administered parenterally has been tested. 

2. Twenty-fiivc liquid organic esters have been systematically examined for 
systemic toxicity, local irritation and the action upon neuromuscular functions 
when injected into the gluteal muscles of guinea-pigs. 

3. Butyl succinate and ethyl pimclate proved least toxic and were suitable 
for parenteral use. 

REFEUENCES 

(1) Li, R. C., Sah, P. P. T., and Anosrson, H. IL: Proc. Soc. Exp, Biol, and Med., 46: 

20, 1&41, 

(2) Latven, A. R., and Moutor, H.: This Journal, 66: 69, 1939. 

* The clinical investigations were carried out by Dr. R. F. Farquharson, Toronto General ' 
Hospital; Dr. J. G. Allen, Albert Billings Memorial Hospital, University of Chicago, and 
Dr. Elmer Alpert, New York University College of Medicine, and the Medical Service of 
the Psychiatric Division of Bellevue Hospital, all of whom furnished us with reports of 
their findings. Table 2 is an abbreviated form of the data presented by Dr. Farquharson. 
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The first description of the usefulness of “Luminal” in the therapy of epilepsy 
by Hauptmann (1) carried no suggestion of the specific value of this deiivative of 
barbituric acid, in comparison with others. When this specificity was realized, = 
the indication for trial of diphenyl barbituric acid was apparent, but attempts 
to prepare this substance were defeated bj' the failure of diphenjd malonic ester 
to condense with urea (3). \\Tien McElvain (4) finallj^ prepared diphenyl 
barbituric acid from alloxan and benzene, this substance attracted little interest, 
since it was described as having no hj-pnotic properties. 

The subsequent studies of Putnam and collaborators (5, 6, 7), which led to the 
introduction of diphenyl hydantion into the therapy of epilepsy, demonstrated 
the fundamentally important fact that a substance need not produce widespread 
depression of the central nervous system, such as results in sleep or anesthesia, 
to alleviate the convulsive disorder, epilepsy. Putnam’s investigations also con- 
firm the particular attributes of phenyl-substituted compounds. 

Determination of anticonvusant action. Our experiments have been 
with commlsions produced electrically in cats with an apparatus like that of 
Putnam (5). The commutator gave a frequencj' of 105 per second, with an 
“on” period of 6.5 milliseconds. The convulsive threshold was taken as that 
current w'hich, when applied for 10 seconds, led to the development of convulsive 
manife.stations, especially leg movements, which continued after the ce.ssation 


11:25 

11:30 

11:36 

11:41 

12:40 

12:45 

1:48 

3:05 

3:10 

4:16 

5:16 

6:16 


25 milliamperes. 
30 milliamperes. 
35 milliamperes. 
40 milliamperes. 
35 milliamperes. 
40 milliamperes. 
40 milliamperes. 
35 milliamperes. 
40 milliamperes. 
40 milliamperes. 
40 milliamperes. 
40 milliamperes. 


Cat no. 6 

No convulsion after stimulation. 

No convulsion after stimulation. 

No convulsion after stimulation. 

Violent convulsions for 50 seconds after stimulation. 
No convulsion after stimulation. 

Brief convulsion after stimulation. 

Convulsion for 47 seconds after stimulation. 

No convulsion after stimulation. 

Brief extensor spasm after stimulation. 

Violent convulsion for 76 seconds. 

Violent convulsion for 90 seconds. 

Brief extensor spasm after stimulation. 


J This investigation has been aided by a grant from G. D. Searle and Company, Chicago. 
* Documentation of this point is lacking, although the statement can be found m text- 
books. Dr. W. G. Lennox found less favorable results with Amytal than with phenobarbi- 
tal (2). Others have doubtless had similar experience. 
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of the current. This threshold remained quite constant when redetermined 
hourly, as seen in the following protocol. Since five minutes were allow’ed be- 
tween each period of stimulation, and since the threshold was somewhat elevated 
for a time after a commlsion, the value of the threshold stimulus was often de- 
termined only \vithin ten milliamperes. 

We have also studied the related compounds 5,5 diphenyl 2-thiohydantoin, 
diphenylacetyl urea, and 5,5 diphenyl barbituric acid. Previous observ'ations 
(8) suggested the study of 5,5 diphenylene hydantoin,* and fiuorenone, Putnam 
et al. ha\'ing demonstrated the anticonvulsant action of benzophenone. These 
compounds were all prepared by R. R. Burtner at G. D. Searle & Co. in Chicago. 
Table 1 presents the comparative date obtained with these compounds in 8 
cats. The diphenyl hydantoins and barbituric acid, and the diphenylene hy- 
dantoin w’ore injected intraperitoneally, as solutions of their sodium salts. The 
ureide and fiuorenone were given by stomach tube. 

The diphenyl-substituted acet 3 'lurea and thiohj'dantoin seemed devoid of 
anticonvulsant activity. The diphenyl barbituric acid and diphenylene hy- 
dantoin are about equally active and less so than diphenyl hydantoin. In table 
2 is ehowm the acute toxicity of these compounds followng intraperitoneal in- 
jection in rats. Diphenj'l barbituric acid is about as toxic as diphenyl hj’dantoin, 
diphenj’Iene hydantoin less toxic. The effects of the daily administration of 
diphenyl and diphenylene hydantoins were compared by giving 100 mgm. per 
kgm. of the former and 200 mgm. per kgm. of the latter to 10 rats each for 30 
days. The weights of the rats, observed every fifth day, are shown in table 3, 
in comparison with controls. At the end of the period all rats w'ere killed and 
their hearts, livers, kidneys, spleens, stomachs, end .small intestines were ex- 
amined histologically'. No pathological changes attributable to the drugs were 
found. While the growth of the rats receiving diphenyl hj'dantoin n'as normal, 
that of those receiving diphenylene hydantoin was retarded. Since this sub- 
stance is less than half as effective as an anticonvulsant than the diphenyl 
compound, but more toxic in twice the dose, it seems not to hold promise of 
clinical usefulness. 

The natuke of the anticonvulsant action. As Putnam and others have 
reported, the response to diphenyl hydantoin (also diphenjd barbituric acid and 
diphenylene hydantoin) is not sleep or Anesthesia. Large doses produce, rather, 
convulsive phenomena in rats, rabbits, and dogs. One dog receiving 0.2 gram 
per kgm. intraperitoneally show’ed loss of posture, increased reflex excitability, 
and slight convulsions. Twenty-four hours later there was extensor rigjdity 
resembling that seen in the decerebrate animal. The knee jerks were greatly 
augmented. The next day, erect posture wtis maintained but rigidity' w’as pres- 
ent and knee jerks were hyperactive. Consciousness was apparently’ present 
throughout the course. Similar results were seen in rabbits receiving up to 1 
gram per kgm. 

The response of the fle.xion reflex to these compounds w'as studied in two dogs 

* This compound was recently described by Henze and Speer, J. Am. Chem. Soc., 64: 
623, 1942. 
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made spinal by transection of the cord at the first cervdcal vertebra, one de- 
cerebrate dog, and Jour dogs anesthetized with barbital, before and after spinal 
transection at the twelfth thoracic vertebra. Contraction of M. tibialis anticus 
was elicited by application of single shocks or brief periods of 60 cycle A.C. to 
N . tibialis posterior; the tendon of the muscle was attached to a torsion mre 
isometric lever, which wrote on a smoked drum. The flexion reflex was not 
influenced by doses adequate to raise the convulsive threshold (fig. 1). Two 

TABLE 2 


Acute toxieily in rats 


DOSE 

DIPHENYL 

HYDANTOIN 

DIPHENYL BAB- 
BITHBIC ACID 

DIPHENiOENE 

HYDANTOIN 

DIPHENYL 

THIOHYDANTOIN 

DIPHEKYL* 
ACETYL DBEA 

PLUOBENONE* 

Stn. fer kgm. 







0.10 




0/4 



0.25 

0/4 

0/5 


2/8 



0.40 




6/6 



0.50 

3/6 


0/10 

6/6 



0.75 

6/6 


1/6 




1.00 

4/4 


9/11 




1.25 



6/6 




1.50 



4/4 




4.00 





0/4 


6.00 


■■ 






* These two compounds given by stomach tube; the others intraperitoneally. 
Mortality ratios = dead animals/animals used. 


TABLE 3 


Chronic toxicity in rats 


DAY 

AVEBAGE WriCBT IN CBA1S5 Of TEN BATS EACH 

Control 

1 Dipbenyl bydantols 

Dipbeoylene hyd&ntoln 

0 

95 


95 

5 

115 



10 

132 


117 

15 

148 

151 

125 

20 

160 

160 

137 

25 

172 

173 

150 

30 

179 

187 

163 


experiments with perfusion of the spinal subarachnoid space by the technique 
of Merlis and Lawson (9) gave inconclusive results. 

The anticonvulsant action of diphen 3 'l hydantoin was studied in four cats 
decerebrated at the level of the anterior corpora quadrigemina by the Sherrington 
gufllotine. The contmlsive phenomena were considerably modified by decere- 
bration, in that thresholds were higher, and the movements consisted of extreme 
extension of the limbs, with coarse tremors, follow'ed by running movements, 
rather than the sj-nchronous clonus seen in the intact animals. These phenom- 
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ena were not modified by the injection of diphenyl hydantoin in doses which had 
exhibited anticonvulsant action in these animals before decerebratioa. 

The influence of diphenyl hydantoin on convulsions caused by cocaine and 
strychnine was studied in rabbits. Four rabbits received 80 mgm. per kgm. of 



I' 


— 

jlni9n, refUit 





Fjo. 1. Dor, bnrbital anesthesia. From the top down, carotid arterial pressure, signal 
of injection, time m minutes, flexion reflex of UbiaUs anlicns. GO cycle A.C. applied to 
A’ tibialis posterior for 0 233 sec. every six seconds. At signal, injection into femoral \cin 
of M mgm. per kgm. of diphenyl hydantoin sodium salt. 

cocaine hydrochloride, four 0.4 mgm. per kgm. of strychnine sulfate, all sid)- 
cutancously. All animals had typical convulsive attacks. Seven daj's later, 
theso injections were repeated two hours after the intraperitoncal injection of 
50 mgm. per kgm. of diphenyl hydantoin sodium salt. No anticonvulsant action 
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was apparent, in fact, two rabbits receiving cocaine and one receiving strychnine 
succumbed. 

A similar experiment was performed, in Avhich a course of seven days of twice- 
daily doses of 30 mgm. per kgm. of diphenjd hydantoin replaced the single dose. 
The convulsive phenomena were not altered. 

Excretion of diphenyl hydantoin. Recover 3 ’^ of this substance added to 
urine is readily accomplished by acidification and extraction rrith ether. From 
the urine of three rabbits given 1 gram per kgm. orallj’, some extractive was 
occasional^ found over a seven daj' period, but in amounts too small to permit 
identification. None could be found in the urine of three dogs receiving 0. 1-0.2 
gram per kgm. intraperitoneallj', on examination for seven daj's. 

Discussion. The earliest sj'mptomatic relief of epilepsj' was accomplished 
with the bromides, substances that reduce the frequency and severity of con- 
vulsions but have a sedative rather than a soporific action-. The introduction 
' of phenobarbital into the therapj' of epilepsy stimulated the study of related 
substances, but unless they produced narcosis and prevented chemicalty-pro- 
duced convulsions in e.xperimental animals, thej' were not- considered promis- 
ing.^* As has been pointed out (1), such investigations have not been particular!}' 
j, fruitful. Although Albertoni (10) long ago showed the influence of bromides 
I on electrically produced convulsions, it remained for Putnam and collaborators 
to use this method in the search for better dnigs. 

The anticonvulsant action of diphenyl hydantoin seems to be associated with 
neiwous mechanisms higher than the mesencephalon, since there is no such action 
in the decerebrate animal. The lack of .influence on reflexes in the spinal animal 
sugge.sts that large doses act through higher nervous mechanisms to cause in- 
creased excitability, rigidity, and convulsions. 

Diphenyl hydantoin does not prevent convulsions resulting in rabbits from 
the administration of stij'chnine and cocaine. It has been reported to prevent 
metrazol convulsions in mice (11). Conflicting re.sults with metrazol convulsions 
in man have been reported (12). It is of interest here to recall that pheno- 
barbital was found to be much less effective than barbital and amytal in pre- 
- I'cnting experimental cocaine into.xication (13). 

Diphenyl barbituric acid and diphenylene hydantoin have been shown to 
have anticonvulsant action, being between one-half and one-fourth as effective 
as diphenyl hydantoin. Our finding of the inactivity of diphenyl thiohydantoin 
was unexpected, since barbituric and thiobarbituric acids are similar pharmaco- 
logically. Kozelka cl ah have briefly reported (14) diphenyl thiohydantoin to 
have anticonvulsant activity. 

According to Kozelka and Hine (15), larger amounts of diphenyl hydantoin 
aie excreted in the urine of men than we have found in dogs and rabbits. 

SUMMARY 

Diphenyl hydantoin raise.s the thrashold of electrically produced convul.sion-s 
in cats. This anticonvulsant activity is not seen in decerebrate cats. 

•'fliis actually .seems to have happened to diphenyl hydantoin. Dox and 'Ihoroas (3) 
remarked that it lacks hypnotic action. 
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Diphenyl hydantoin does not prevent the convulsions caused by strj’chnine 
and cocaine. 

Diphenyl hydantoin does not appear as such in the urine of rabbits anddogs 
receiving large amounts of it. 

Diphenylacetyl urea and diphenyl thiohydantoin are devoid of anticonvulsant 
activity. Diphenyl barbituric acid has from one-fourth to one-half the anti- 
convulsant activity of diphenyl hydantoin, and an equal acute toxicity. Di- 
phenylene hydantoin has from one-fourth to one-half the anticonvulsant activ- 
ity, and more than one-half the acute and chronic toxicity, of diphenyl hydan- 
toin. Fluorcnone has, on oral administration of large amounts, a slowly de- 
veloping anticon\*ulsant activity. 
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It has long been known that patients afflicted with neurosyphilis or trypano- 
somiasis have occasionally suffered extensive visual damage or even complete 
blindness when treated with certain arsenical compounds. The compounds 
reported as capable of producing visual damage are atoxyl, tryparsamide, stovar- 
sol, and compound No. 190 (S-amino-4-beta-hydroxyethox3’-phenylarsonic 
acid). 

Sj'philis of the central nervous system, if left untreated, frequently produces 
blindness, and trypanosomiasis may possibly do so also; hence it seems quite 
possible that 'visual damage observed in treated cases of these two diseases may 
Le due to the disease itself, to the therapeutic agent, or to a combination of fac- 
.'tors including others as yet unkno'wn. 

Bomemann (1) and Fehr (2) have reported •visual damage in patients suffering 
from lichen planus rubra and from pemphigus who were treated with atoxyl. 
There was a progressive narrowing of the visual fields, particularly on the nasal 
side, pallor of the disk, and a narroining of the retinal arteries. Reflexes re- 
mained normal and there were no scotomata. In these reports there has been a 
notable absence of a description of any visible changes in the fundus, hence it 
may be assumed that such changes vvere infrequent or very slight when thej' did 
occur. Key (3), hy the repeated administration of atoxjd to dogs, was able to 
produce pallor of the optic disk. TJnfortunateK' we cannot be sure that these 
results were controlled bj' ophthalmoscopic examination before the administra- 
tion of the atoxyl or bj' hemoglobin determinations. None of the animals be- 
came blind but histological examination revealed a reduction in the number of 
ganglion cells and ners'e fibers of the retina. Birch-Hirschfeld and Koster (4) 
felt that the greatest toxic effect of atoxjd was on the peripheral portion of the 
third optic neuron. Rods and ganglion cells were attacked but the cones were 
unaffected. Igersheimer (5) is in agreement with Birch-Hirschfeld and Koster 
as to the point of action of atoxjd. It would seem, therefore, that ato.vjd is 
capable of producing visual damage in patients rvith an intact and appprentlj’ 
normal central nenmus sj’stem, as w-ell as in individuals with neurosyphilis or 
trypanosomiasis, and that certain pathological changes have been produced in 
the eyes of experimental animals. 

Woods and Moore (6) have reported visual damage folloMng the use of tryp- 
arsamide in patients suffering from postencephalitic Parkinson’s sjmdrome and 
from lymphosarcoma. Sloan and Woods (7), in studying this reaction due to 
trypareamide, have emphasized the fact that the main early objective evidence 
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is confined to a narrowing of the perimetric fields. In their studies of visual 
damage due to tryparsamide and of luetic optic atrophy there was reported a 
greater field contraction for one degree white than for one degree red or blue and, 
in the early stages, a greater defect for red than for blue. Damage due to trj'p- 
arsamide was more evident in the nasal than in the temporal field and conse- 
quently could usually be distinguished from the optic atrophy of syphilis. • The 
cytological changes directly due to the administration of trj'parsamide alone 
have not been described but the clinical characteristics already mentioned show 
a striking similarity between visual damage resulting from tryparsamide and 
that resulting from atoxyl. Pearce (8) found that visual damage occurred only 
in advanced cases of trypanosomiasis and therefore assumed that the disease 
might in part be jesponsible. Woods and Moore pointed out that 22.8% of 
the patients having general paralysis or tabes dorsalis developed visual dis- 
turbances while only 15.2% of the patients having other types of neurosyphilis 
were similarly affected. The incidence of visual damage in cases of untreated 
neurosyphilis was near 15% in their series. In spite of the increased incidence 
apparently due to tryparsamide in cases of neurosyphilis, Reese (9) has pointed 
out that even visual damage by the disease is not a contraindication to treatment 
with tryparsamide. 

Tatum et ah (10) reported contraction of the perimetric fields and blindness in 
certain cases of neurosyphilis treated with arsenical No. 190. 

S^zary and Barbd (11) reported visual disturbances which necessitated a re- 
duction in the dosage of “stovarsol” (acetarsone) in patients affected with 
neurosyphilis. 

From the foregoing review it would seem that atoxyl is capable of producing 
blindness in patients >vith a previously normal central nervous system and that 
tryparsamide, arsenical No. 190 and stovareol are agents which likewise con- 
tribute to visual damage in patients affected with certain diseases of the central 
nervous system. 

It seemed desirable to determine whether or not these arsenicals could produce 
blindness in experimental animals with an intact and normal central nervous 
system since such a reaction could be used to test the blinding potentialities of 
compounds as yet untried in man. Rhesus monkeys were selected since Davis 
(12) found the monkey eye to resemble the human eye far more closely than 
does the rabbit eye. Such an anatomical relationship might be expected to be 
paralleled by a similar reacthity; however, experimental work can only indicate 
what might happen in man and hence only careful clinical study will reveal w’hat 
actually does happen. 

Gradually increasing doses of the compounds were given intravenously to the monkeys 
at weekly intervals unless there was a marked loss of weight or other manifestations of 
toxicity. If toxic symptoms appeared administration was discontinued until the monkey 
showed a substantial increase in body weight. Symptoms of toxicity consisted of anorexia, 
weight loss, muscular weakness, incoordination, tremors, at times generalized convulsions, 
and coma in the terminal stages. Drug administration was continued until the monkeys 
either died of toxicity or became blind. The development of blindness was followed by an 
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occasional dose of the compound in order to prevent the remote possibility of recovery of 
visual function. Not all monkeys became blind even though some were given the drugs 
until fatal poisoning resulted. It is curious to note that those animals which became 
blind frequently appeared freest from other signs of intoxication, just as tabetics are apt 
to be free from paresis. 

The blindness was of such degree that alt observers were satisfied that the monkeys could 
not see in spite of the fact that the light reflex was usually retained. A blind monkey would 
not look for his food, but would feet for it. He was apparently not aware of a stick held a 
few inches from his face and would bump into objects when placed in strange surroundings. 
Ophthalmoscopic examination of a blind monkey revealed a searching nystagmus. A pallor 
of the disk usually appeared at 4 to 6 weeks after the monkey became blind. On occasions 
the pallor was greater on the nasal than on the temporal half of the retina. Narrowing of 
the retinal vessels was slight and was not of uniform occurrence. A hemoglobin determina- 
tion done on the blood of three monkeys at the time that pallor of the disk was noted was 
found to be essentially normal, namely, 10.3, 13 and 14,3 grams per'lOO cc., respectively. 
Histological examination of the eyes of the blind monkeys revealed a decrease in the number 
of ganglion cells of the retina, a proliferation of glial cells, and a demyelinization of the 
optic nerve. 

Table 1 gives a summary of the monkeys used and the results obtained. It 
was possible to produce blindness in monkeys with atoxyl, tryparsamide, com- 
pound No. 190, stovarsol, and compound No. 266 (4-0-(6'-hydroxy)ethoxy 
sthoxy phenylaraonic acid). 

If the monkey is to be an adequate test animal for determining the blinding 
potentialities of a compound in man, the following considerations must be ful- 
filled; 

1 . Monkeys must be blinded by all of the compounds producing blindness in 
man. 2. Monkeys must not be blinded by compounds which do not produce 
blindness in man. 3. The number of test animals must be adequate to insure 
that the results are not merely chance. 

With the e.\'ception of compound No. 266, which has not been studied in 
man, requirement 1 has been adequately fulfilled in the studies reported here. 
Studies were in progress in order to fulfill requirements 2 and 3, but owing to 
the present paucity of test animals the work appears to be unavoidably inter- 
rupted for the time being. 

The part of the molecule which is responsible for the visual damage has not 
yet been determined. Young and Loevenhart (13) studied a group of penta- 
valent arsenical compounds with an amino nitrogen or a substituted amino nitro- 
gen in the benzene ring. It w'as their opinion that compounds with free or sub- 
stituted amines in the position para to the arsonic acid would be the ones likely 
to produce visual damage in man. On the other hand, S^zary and Barb6 re- 
ported xisual damage with stovarsol, which has an acetylamino group in the 
meta position, and Tatum and associates have reported visual damage with 
arsenical No. 190, which has an amino nitrogen in the meta and a hydroxyethoxy 
group in the para position. In our study, compound No. 266, which contains 
no amino group at all, was found capable of producing the same characteristic 
visual damage and resulting manifestations that were produced by those com- 
pounds containing amino groups. Therefore, at the present time one can saj 
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KO't* 



APTtOXI- 

AISZKICAL 

ziy 

KUM- 

M5ULT 

ttUAtZS 

KATE 

BUKDING 


BZl 

i 


DOSE 





fitm /htn 

Atoxyl 

1 

Not blind 1 

Died of tox. at SO mgm,/ 




1 

kgm. 



2 

Not blind 

Died of tox. at 120 mgm./ 


AsOjHj 

3 

Not blind 

kgm. 

Died of tox. at 160 mgm./ 


f 1 



kgm. 


1 j 

13 

Not blind 

Died of tox. at 140 mgm./ 





kgm. 


NH, ! 

14 

Not blind 

Died of tor. at 70 mgm./ 





kgm. 



15 

Blind 

Killed at SO mgm./kgm. 

SO 

Trypareamide 

5 

Blind 

Died of tox. at 900 mgm./ 

900 




kgm. 



1 6 

Not blind 

Died of tox. at 900 mgm./ 


AaOaHNa 

7 

Blind ' 

kgm. 

Killed at 700 mgm.Agni. 

600 


8 

Blind 

Died of tox. at 700 mgm./ 

650 

1 1 



kgm, 


\/ 

9 

Not blind 

Died at tox. at 200 mgm./ 


NHCHjCONH, 

10 

Blind j 

kgm. 

Died of tot. at SOO mgm./ 

700 




kgm. 


Acetarsone (“Stovarsol”) 





AfiOjHs 

16 

Blind 

Killed at 320 mgm./kgm. 

320 

n 

18 

Blind 

Killed at 220 mgm./kgm. 

220 

1 

kJ^HCOCH, 





OH 





Arsenical No. 190 





AsOiH, 1 

21 

Not blind 

Died of tot. and dysentery 


/N 



at 300 mgm./kgm. 


1 1 

26 

Not blind 

Died of tox. at 450 mgm./ 


IsJnh. 



kgm. 


27 

Blind 

Pied of tox. at 550 mgm./ 

550 

OCH,CH:OH 



kgm. 


Arsenical No. 266 





AsOjH, 

24 

Not blind 

Died of tot. at 450 mgm./ 


25 

Not blind 

kgm. 

Symptoms at 360 mgm./ 
kgm. 

Killed after severe toxicity 


0 

OCHjCHjO CHjCHiOH 

29 

Blind 

reaction 

Killed at 250 mgm./kgm. 

200 







206 


B, J. LONGLEY, N. M. CEAUSEN AND A. L. TATVM 


only that visual damage is not a function of the character of a nitrogen-containing 
side-chain or of its position or even of its presence. 

SUMMARY 

1. Blindness has been produced in monkeys by the administration of the 
following compounds: atoxyl, tryparsamide, stovarsol, S-amino-.^-beta-hydroxy- 
ethoxy-phenylarsonic acid (No. 190), and 4-d-(d'-hydroxy)ethoxy-ethoxy- 
phenylarsonic acid (No. 266), the last containing no nitrogen in the molecule. 

2. The work herein reported would appear to provide an experimental basis 
for detecting the blinding potentialities of arsenical compounds for man. 

3. Means now become available for a study of prophylactic procedures de- 
signed to reduce or eliminate optic atrophy as a. sequence of chemotherapy of 
neurosyphilis. 

The writers are grateful to Drs. M. E. Nesbit and F. A. Davis for their interest 
in making the ophthalmological observations and to Dr. F. A. Davis for per- 
mission to include herein a preliminary statement relative to cytological altera- 
tions of the retinas and optic nerves. A complete report on these observations 
rvill appear in due time. 
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RADIOACTIVE TRACER STUDIES ON ARSENIC INJECTED AS 
POTASSIUM ARSENITE* 

I. EXCRETION AND LOCALIZATIok IN TISSUES 

F. T. HUNTER, A. P. KIP, *nd J. W. IRVINE, JR. , 

* Received for publication July 18, 1942 

Forward. Because potassium arsemte (Fowler’s solution) given in small 
small doses over long periods of time produces temporary improvement in many 
cases of chronic myeloid leukemia (1),* an understanding of the mode of action 
of this “tissue poison” is highly desirable. The difficulty of chemically esti- 
mating small quantities of arsenic, however, has heretofore prevented the elucida- 
tion of this problem. But with the recent development of radioactive tracer 
techniques it became practicable to investigate with some hope of success the 
course of this element within the body. Therefore in the autumn of 1939, 
utilizing the facilities of the Massachusetts General Hospital, the Massachusetts 
Institute of Technolog}', and of the Harvard Medical School, w'e began a co- 
operative research, to determine, if possible, the "bodily fate of the inorganic 
trivalent arsenic atom. Although a preliminary report has already been pub- 
lished (2), the two papers which follow present for the first time the detailed 
experimental data accumulated from the inception of the w’ork until its dis- 
continuance because of the war. 

McTfioos. P^^paralion of Targth. Germanium metal is powdered to approximately 100 
mesh she and made into a thin paste with a 5% aqueous mixture of Handy Flux.’ A layer 
about 0 5 mm. thick is painted on a A' sheet of copper previously cleaned with 6 M nitric 
acid. The copper is cautiously heated from below until the paste is dry and then is heated 
strongly with a Fisher type burner until the germanium alloys with the copper and forms a 
smooth melt on the surface. This requires a bright red heat and is readily determined by 
inspection. When the surface has hardened the target is quenched in water to remove the 
flux and scale and cleaned in concentrated hydrochloric acid. The back is “tinned” M'ith 
silver solder and then silver soldered to the probe assembly. 

After bombardment by deuterons in tbe cyclotron, the surface of the target is removed 
to a depth of about 0 75 mm. with a small end mill in a drill press. This removes all the 
germanium In the form of a coarse powder which is readil}’ dissolved. 

Chemical Trealment of Targete (3). An all-glass distilling apparatus utilizing a modified 
Claissen flask (250 cc.) has been found useful in several radiochemical separations. The 


’ From the Department of Physics, Massachusetts Institute of Technology, The Medical 
Services, Massachusetts General Hospital, and the Department of Biochemistry, Harvard 
Medical School. The expenses of these investigations have been borne by various funds 
and by contributions of individual donors. Cyclotron time and radioactivity expenses 
were defrayed in part by the John and Mary R. Markle Foundation, and the salary of our 
technician by the H. N. C. gift of the Harvard Medical School. For these grants and in- 
dividual gifts from Mr. aud Mrs. G. S. Amory, Mrs. Francis B. Crowinshield, and Mrs. 
Theodore E. Brown, we are deeply grateful. 

* The bibliography will be found at tbe end of the second paper. 

> Handy and Harmon, S2 Fulton Street, New York, New York. 
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coarse powder from the bombarded target is placed in the dash and a standard solution of 
sodium arsenite added. In order to keep the specific activity as high as possible the quan- 
tity of added arsenic must be kept low. The following separation has been made satisfac- 
torily with 0.5 mgm. of arsenic carrier although 2 mgm. is the usual amount used. Below 
0.5 mgm. the amount lost becomes an appreciable fraction of the total. 

The target material is treated with 25 cc. of 12M hydrochloric acid, heated, and dissolved 
by the^dropwise addition of 30% hydrogen peroxide. This operation requires 10 to 20 cc. 
of hydrogen peroxide and takes about 5 minutes. Germanium is removed as the volatile 
tetrachloride by distillation of the hydrochloric acid solution. Frequent additions of a 
few drops of hydrogen peroxide minimizes reduction of As'^^ to As+* by the hydrochloric 
acid, and loss of arsenic as arsenic trichloride. When solids precipitate from the solution 
in the flask 10 cc. of 12 At hydrochloric acid are added and the distillation repeated. Glass 
beads or pieces of tile will reduce bumping of the mixture during distillation. 

To reduce the As"^ to As"*"* so arsenic trichloride can be distilled from the solution, 15 cc. 
of 12 M hydrochloric acid and 10 cc. of 5 AI hydrobromic acid are added and the solution 
distilled into 10 cc. of distilled water cooled in an ice bath. When bromine fumes begin to 
appear in the distillation flask 10 cc. of 12 AI hydrochloric and 5 cc. of 5 M hydrobromic 
acid should be added and the distillation repeated until bromine fumes again appear. Heat- 
ing the concentrated hydrochloric acid causes the evolution of a quantity of hydrogen chlo- 
ride gas which helps to sweep out the small quantity of arsenic trichloride vapor. 

.\rsenic metal is precipitated from the distillate hy adding 1 to 2 grams of solid ammonium 
hypophosphite and warming on the steam bath for 5 to 10 minutes (4). It is inadvisable to 
boil the solution or heat it too long as the coagulated precipitate is not readily wetted by 
the solution and is difilcult to transfer to the filter. If coagulation proceeds too far the 
clumps can be redispersed by adding a few milligrams of “Duponol*^ or some similar wetting 
agent. 

A 3 cc. porous porcelain micro-filter crucible which has been ground to fit a suitable 
funnel is very satisfactory' for filtering out the precipitated arsenic. It filters rapidly 
with suction, holds the precipitate completely, is readily dried and can be u'eighed to 
check recovery of added arsenic from the separation. Filtration is carried out without 
allowing air to be sucked through the precipitate until after washing it with 5 to 10 cc. of 
freshly boiled distilled water and then with acetone. In this wn 3 ' oxidation of the finely 
di\ided metal is minimized. 

The arsenic metal is o.xidized to arsenic acid with one drop of 30% hydrogen peroxide. 
After filtering into a graduated centrifuge tube, and washing the filter \\'ith potassium 
bicarbonate solution (10 mgm./cc.) the solution is boiled to destroy' the peroxide. Twent}*- 
five milligrams of sodium bisulphite are added to reduce arsenate to arsenite. This solution 
is made isotonic with sodium chloride, sterilized and is readj* for use. The final volume is 
from 5 to 10 cc. 

Preparations containing 0.5 to 2 mgm. of As with an activitj’ of 15 to 2o millicuries of 50 
hour arsenic (As^^), and 2 to 3 millicuries of 16 daj' arsenic (As**) have been regularlj* made 
bj’ the Massachusetts Institute of Technologj' cyclotron for this work. 

Measurement Techmq^^es, In each biolo^cal sample the quantity of radioarsenic was 
measured by means of s Geiger-AIulIer counter connected to a counting-rate meter (5). 
This instrument produces a permanent record of the beta raj' activity of each sample, 
and by comparison with a calibrated sample, allows each unkno^\m to be computed. The 
specific activity' of the radioarsenic used and the sensitivitj* of the counter were such that 
quantities in man 5 ' cases as small as 10"* and 10"* micrograms of arsenic in a given samp e 
could be measured and computed with satisfactory accuracy. In the earlier measurements 
an end-window-type counter was used. This was a less sensitive instrument because o 
the smaller solid angle available for the sample; but an improved type, a thin-v ailed dura 
lumin helium-filled coimter, was used in all the later determinations. 

All samples were placed on filter paper and wrapped around the counter for me^uremen - 
Fluid samples were evaporated on the paper, while tissue samples were mashed into a i 
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uniform layer anil dried. Bone marrow samples were digested befoie being placed on the 
filter paper. 

For fluid samples, no correction for self-absorption of beta rays by tlie sample was neces- 
sary, since the calibrating standard and fluid samples were prepared in the same way. 
With tissue samples, an error was introduced due to greater self-absorption by the sample 
than by the standard. This error was small, however, because of the high energy of beta 
rays from radioarsenic, and therefore in most instances no correction was made. Errors 
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• Animals had received arsenic previous to radioactive injections, 
t Found dead. 

t Fifth and last dose was double the usual size. 

S In this and the following tables signifies microgram (0 001 mgm.). 


from this source were found in general to be less than 5%. Skin sample measurements 
produced errors considerably higher than this, but no attempts were made to correct the 
results since rough quantitative measurements were suflicient for our purposes. 

Biological Technigves. The potassium arsenite was in all cases administered as a single 
daily dose by subcutaneous injection, usually in theform of a 0.1% solution in normal saline. 
In no instance did a slough or infection occur. The smaller animals were killed by decapita- 
tion or etherization, the larger ones (chimpanzees and baboon) by intravenous anaesthesia 
followed by opening the thorax, and were necropsied immediately. In the case of the 
human dying of lymphoblastic leukemia, necropsy was performed 2 hours after death. 
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Throughout the experiments all organ samples were immediately weighed and smeared on 
filter paper as described above, care being taken that loss by drying during weighing was 
minimal. Tissues from the three large animals were cut up, placed in stoppered flasks and 
immediately frozen with dry ice. Body fluids and excreta were handled so as to prevent 
evaporation and decomposition. 

Results. Studies on Albino Rats. Experimental data from 23 rats are sum- 
marized in Table 1. The second and third columns show the daily and total 
doses of arsenic given during the injection period. In the fourth is recorded 
the number of da3’s elapsing between the final dose and death of the animal, 
while the fifth column shows the whole-blood arsenic concentration just before 

TABLE 2 
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death. The remaining columns give organ arsenic concentrations in terms of 
grams of wet tissue. In everj' instance the arsenic concentration in the whole 
blood was considerably greater than in anj' of the solid organs, and of the latter 
the spleen invariably gave the highest figures. From the commencement of 
injections until sacrifice, daily whole blood samples were obtained from each 
animal and measured. These, without exception, showed a progressive rise of 
blood arsenic until the day after the final injection, when a slow fall began and 
continued until the rat was sacrificed. 

Wlien it was found that a large proportion of the arsenic in the rat was in the 
blood, a determination of the concentration in plasma and erj'throcjdes nas 
indicated. Blood from rats B 11 and B 19 was obtained and prevented from 
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clotting with sodium oxalate, a standard amount per cc. of blood being employed 
to avoid variations in cell volume. Oxalate was chosen as more convenient, 
since it had previously been shown that oxalated and heparinized blood from 
the same animal showed no differences in the arsenic content of the plasma. 

Table 2 shows that over 95% of the whole-blood arsenic is localized within the 
erythrocytes, a finding completely unanticipated. When the blood was laked 
with 0.1% NatCOj and dialyzed through cellophane, no arsenic could be demon- 
strated in the dialysate, the concentration within the sac remaining virtually 
unchanged. Tliis indicates that the arsenic was firmly attached to a large 
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Comparative studies on araenixed and unpoisoned rats 
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■ Animals had receivad arsenic previous to radioactive injections. 
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Whole blood 

llv.t 

Spleeo 

Kidneys 


mi /kf. 

ms.fkt. 

d«yy 1 

»l<c. 


h/iw. 

H/r". 

•C39 9 

.68 

2 7 1 

1 

19.0 

! 1.4 

5 3 

.96 

C30 9 

.67 

2.7 1 

1 1 

18 

1.6 


2.1 

C34 9 

.66 

2.6 

2 1 

17 

1.2 

1 

1.6 

C35 9 

.71 

2.8 

4 1 

2S 

1 5 


1.2 

C36 9 

.67 , 

2 7 

6 

22 

1.2 


1.6 

038 9 

.79 

3.2 


8.2 

.6 


.9 


• Control. 


molecule. Blood was therefore obtained from 4 animals, pooled, and after 
removal of the plasma, the cells were laked and the lipoids extracted with toluene. 
This fraction showed no arsenic, whereas the globin and acid-acetone soluble 
heme fractions from the same sample contained almost all of the eiythrocyte 
arsenic. 

To determine whether or not pretious arsenic administration would change 
the distribution of arsenic injected at a later time, tw'o animals W'ere given non- 
radioactive arsenic over considerable periods of time and then radioactive tracer 
arsenic. The results in Table 3 show no difference between such animals and 
fresh controls. Similarly, as Table 4 indicates, splenectomy prior to adrauustra- 
tion of arsenic failed to influence its distribution. 
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Investigation of a high post-operative mortality in the splenectomized animals 
before injections could be begun, revealed that all of our rats were infected with 
BarloticUa mnris. As this organism is killed by certain arsenicals the question 
arose whether the arsenic within the eiyd,hrocytes was not to a certain extent 
bound to proteins of this organism. Therefore a group of uninfected rats was 
obtained and the earlier type of experiment was repeated. The data in Table 5 
show that Bartonella-free animals have the same pattern of arsenic distribution 
as infected rats. 

Wiile these rats, living in the same cage, were undergoing daily injection 
the urine and feces of all four were carefullj' collected. Table 6 shows the total 
arsenic excreted each day by all four animals, beginning on the day after the 


TABLE 6 

Studies on bartonclla free rats 


TLKT NO. 

1 

DOSAGE or As 

EtlXED 
ATTEK 
LAST DOSE ' 

ASSEKIC COKCEimtATtON' 

j Daily j 

Total 

Whole 

blood 

Liver 

Spleen 

Kidnej’S 

Brain 



1 mj./tj. 

days 

It/u. 


x/i". 


ultra. 

D52d' 


2.5 

1 

16 

2.2 

6.4 

\ 

.6 

D53 


2.2 

2 

19 

3.8 

5.5 

4.3 

.8 

D54 cf 

.57 1 

2.3 

4 

16 

l.S 

4.7 

3.6 

.5 

D55 c? j 

.59 j 

2.3 

6 

17 

2.8 

4.3 

CO 

.5 


TABLE 6 


Daily excretion of arsenic during injection period* 



DAY 

TOTVL 


Ul 

2nd 

1 -Srd 

1 4th 


Total arsenic | 

50m 

160m 

1 285m j 

1 370m j 

850ii 




* Pooled urine and feces — rats nos. 52, 53, 54, and 55. 


first, and ending on the daj' after the last injection. From that day onward, 
however, no arsenic excretion could be detected, — an observation in contrast to 
that made later on human subjects. 

Sludics on Guinea Pigs. Table 7 shows the distribution of arsenic in the organs 
and in certain body fluids of 14 guinea pigs. In contrast to rats, these animals, 
and all other animals and humans studied, showed extremely small amounts in 
the blood. At this point it was thought that if arsenic improves leukemia by 
direct action on tumor cells, large amounts should be found in rapidly growing 
tissues such as the testes. This assumption was found to be untrue. On the 
contrary, the concentration was quite high in the epididymis and liver, neither 
of which normally has high mitotic activity. Again in contrast to rats, the 
liver arsenic of guinea pigs was much higher as a rule than that of the spleen. 
The high concentration found in the tissues of animal ?¥ G is probably accounted 
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for by the fact that it was found dead of pneumonia the morning after the last 
injection; the renal output of arsenic had in all likelihood been partially arrested 
by the toxemia of the disease. 


TABLE 7 

Sludiet on guinea ^igs 


ANIMAL NO. 



Id* 

2d* 

6<J- 

Jd* 

4^ 

SJ 

9d* 

lOd* 

lid* 

Kd* 

iJd* 

»d* 

15d* 

20d* 

Daily As 
(mg /kg.). 
Total As 

1.6 

.87 

.24 

.25 

.25 

.23 

.82 

.80 

.77 

.77 

.82 

1.56 

1.3 

.27 

(mg./kg.). 

4.05 

3.6 

.97 

1.0 

l.O 

.94 

3.3 

3.2 

3.1 

3.1 

3.3 

1.56 

1.3 

1.05 

Killed after 
lost dose 
Whole blood 

2 

2 

1* 

2 

4 

6 

> 

2 

4 

C 

S 


1 

I6t 

Wcc.). 

.05 

0 

.11 

.(W 

0 

0 

.05 

.05 

t 

t 

t 

076 

.06 

.029 

Liver (jt/ 
gm.)... 
Spleen (jt/ 

.61 

1.8 

2.0 

.63 

.075 

.02 

.85 

.3 

.36 

.06 

.1 

.71 

.521 

.31 

gm.) 

Kidney Oi/ 

.19 

1 2 

.58 

.20 

.04 

.01 

.26 

.12 

.38 

.06 

.02 

.16 

.16 

.067 

gm.) 

Brain (ji/ 

.57 

.6 

3.22 

.32 

.13 

04 

.63 

.45 

.35 

.13 

.10 

.65 

.58 

.29 

gm.) 

Bone mar- 

.23 

.5 

.14 

.29 

06 

.04 

.20 

.15 

.17 

.08 

.17 

.09 

.13 

.062 

row (m/ 

.19 


.45 

.12 

02 

0 

.36 

.10 

.15 

0 

.016 

.24 

.16 

.065 

Lung (jt/gm.'. 
Muscles (ft/ 



.72^1 

.19 

03 

0 

.27 

.13 

.10 

.026 

.025 

.29 

.17 

.12 

gm.). . 
Thyroid (ft/ 



.33 

.19 

(M 

.015 

.25 

.15 

.16 

.05 

.10 

.17 

.14 

.087 

gm.) 








.09 

.10 

0 

0 

.08 

.10 

.085 

Testes (ft/ 
gm.). . 
Epididymis 












.09 

.05 

.033 

(fi/gm.). 

Bladder 












.75 

.47 

.71 

urine (ft/ 
cc.) . . 












.8 

.25 

.79 

BileOi/cc.) . 














.13 


• Found dead, 
t Hours. 

t Too low to read. 

§ Tumor of liver, 0.S4. 

^ Diseased lung, 0 50. 

Studies on Rabbits. Data on rabbits in Tables 8 and 9 do not differ essentially 
from those obtained in guinea pigs. Here, too, we found relatively high arsenic 
concentrations in the epididymes, and only a moderate concentration in the 
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TABLE 8 

Studies on male rabbits ■ 


ANlVAt NO. 



•312 

•348 

1 

2 

7 

Daily As (mg. /kg.) 

.31 

.24 

.8 

.85 

.91 

Total As (mg. /kg.) 

.62 

1.2 

3.2 

3.4 

.91 

Killed after last dose 






(days) 

It 

2 

1 

4 

1 

Whole blood (jt/cc.) 

0 

.17 

.05 

.05 

.04 

Liver (/t/gm.) 

.10 

.12 

.73 

.40 

.24 

Spleen (jt/gm.) 

.07 

.13 

.29 

.17 

.09 

Kidney (p/gm.) 

.11 

.40 

.88 

.82 

.30 

Brain (p/gm.) 

.02 

.04 

.13 

.072 

.034 

Bone marrow (p/gm.) 



.23 

.10 

.054 

Lung (p/gm.) 



.59 

.20 

.26 

Muscle (p/gm.) 



.33 

.32 

.074 

Thyroid (p/gm.) 



.18 

.10 

.11 

Testes (p/gm.) 



.16 

.12 

.052 

Epididymis (p/gm.) 



.38 

.87 

.13 

Bile (p/cc.) 



.32 


.15 

Bladder urine (p/cc.) 





2.0 


* Liver heavily infected with coccidia. 
t Found dead. 


TABLE 9 


Studies on female rabbits 



VIKCm JtABBlTS 

BABBITS WITH POSITIVE 

A. t. TESTS 

Animal no. 

•4 

5 

8 

3 

6 

Daily As (mg. /kg.) 

.96 

.99 

.98 

1.1 

.84 

Total As (mg. /kg.) 

.96 

.99 

3.91 

1.1 

3.3 

Killed after last dose 





1 

(days) 

1 

1 

1 

1 

Whole blood (p/cc.) 

0 

.084 

.069 

.13 

.05 

Liver (p/gm.) 

.034 

.39 

.63 

.14 

.66 

Spleen (p/gm.) 

.009 

.13 

.22 

.09 

.18 

Kidney (p/gm.) 

.01 

.49 

.83 

.25 

.89 

Brain (p/gm.) 

.005 

.057 

.10 

.044 

.10 

Bone marrow (p/gm.) 

.005 

.15 

.11 

.095 

' .10 

Lung (p/gm.) 

.05 

.62 

.78 

.28 

.75 

Muscle (p/gm.) 

0 

.25 

.20 

.12 

.19 

Thyroid (p/gm.) ^ 

.02 

.15 

.23 

.10 

.19 

Ovaries (p/gm.) j 

0 

.08 

.14 

.10 


Uterus (p/gm.) 

.01 

1 .12 

.11 

.17 


Bile (p/cc.) 

0 

! .34 

.64 

.54 

.00 

Bladder urine (p/cc.) | 

.25 

2.75 

8.3 

6.1 



• Absorption from injection very low. 
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testes. Female rabbits, vii^ns and those with active follicle growth (produced 
by using animals showing a positive Ascheim-Zondek test) revealed no particular 
differences in concentration in the ovarian tissue. Therefore we must conclude 
that there is no evidence that arsenic tends to collect in rapidi}' growing tissues. 

Studies on Human Subjects. Table 10 contains the results of studies on excre- 
tion of arsenic in two healthy human subjects. At a glance it is seen that prac- 
tically none of the injected dose is excreted via the intestinal tract, and in con- 
trast to rats, the human subject continues to excrete daily lessening amounts 
for some time after the last injection. In both subjects no arsenic could be 
measured in the whole blood at any time. 

By using radioarsenic of high specific activity it was possible to obtain meas- 
urements of blood arsenic as well as further data on urine and stool excretion. 
These data are shown in Tables 11 and 12. The metal appears in the blood stream 

TABLE 10 


Excretion studies in humans— normals 



0. B. t. 

V. B. 



Toul duly «>crctl«n (jt) 




A] lig. 

UrUe 

Stool 


■HQII 



w/. 



mt. 



1 

1.5 



1.5 



2 

1 5 

840 

,17 

1.5 

655 


3 

1.5 

550 


1.5 

600 

1.0 

4 

1.6 

750 

1.1 

1.5 

690 

.02 

5 


690 

1.3 


250 

.01 

6 


140 



85 


7 


68 



45 


8 


42 



35 


9 


35 



45 


10 





20 



shortly after injection, but by the following day has all but disappeared. It 
continues, however, to appear in small amounts in the urine for some time 
aftens'ard. 

Table 13 shows the concentration of arsenic in the bone marrow of two pa- 
tients w-ith leukemia. , Biopsy was performed on the day following the injection. 
In one patient the marrow arsenic was two times that of the blood; in the other, 
about one and a half times as much. Both patients had high leucocyte counts 
at the time of biopsy. It was therefore possible, by measuring the whole blood 
and plasma arsenic, and by making a leucocyte cream, counting the number of 
leucocytes and measuring the arsenic concentration of the cream, to calculate the 
amount of arsenic per erythrocyte and per leucocyte. In both patients the 
amount per leucocyte was roughly ten times that per erythrocjde. But correct- 
ing for volume of the cells, (his figures reduced to about 3 times as much arsenic 
in 1 cc. of leucocytes as in an equal volume of erj'throcytes. 
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TABLE 11 

Excretion studies in humans — leukemias 



r. 

W. L. 

DAY 

Dosage 

1 

Total daily excretion (m) 

Dosage 

Blood As 

Total daily exaetion (m) 




Urine 

Stool 

As inj. 

Urine 

Stool 


mg. 

it/a. 

I 


mg. 

1 ‘lcc. 



1 

1.37 




4.0 




2 

1.37 

<.01 

290 

0 

4.0 

.014 

813 

No stool 

3 

1.37 

<.006 

405 

3.8 

4.0 

0 

1980 

No stool 

4 

1.37 

.07 

420 

2.5 

4.0 

.007 

2130 

No stool 

5 


<.006 

460 

2.1 

4.0 

0 

2300 

83 

6 


<.006 

190 

8.5 

4.0 

.01 

1150 

No stool 

7 


<.006 

150 

2.7 

4.0 

.11 

2120 

No stool 

8 


<.006 

90 

1.9 

4.0 

0 

1880 

No stool 

9 


<.006 

45 

2.3 

4.0 

.01 

900 

No stool 

10 


<.006 

45 

1.5 

4.0 

.01 

1490 

330 

11 


<.006 

40 

No stool 


.01 

985 

No stool 

12 


<.006 

mm 

2.4 


.01 

565 

No stool 

13 


<.006 

■9 

1.6 


.01 

400 

No stool 

14 


<.006 

H 

1.5 



430 

No stool 


TABLE 12 


Excretion studies on humans — leukemias 
M. B. 


DAY 

DOSAGE 

1 As LVJ. 

BLOOD As 

URINE As 

DAY 

DOSAGE 

As INJ. 

BLOOD As 

UKIKE As 


mg. 

lllcc. 

p Mai 


mg. 

li/cc. 

H Mai 

1 

1.94 

.055 


22 


.002 

23 

2 


0 

990 

23 



28 

3 


0 

247 

24 



28 

4 


0 

100 

25 


0 

16 

5 


0 

205 

26 



1 15 





27 


0 

27 

11 

1.57 

.052 1 hr. 


28 



10 



.040 2 hr. 


29 



8 



.027 3 hr. 





10 

12 


.013 

122 

30 

.825 

0 

13 



124 

31 


0 

337 

14 



117 

32 



48 

15 



73 

33 


0 

37 

16 



13 

34 



11 




35 



22 

17 

2.18 

.15 IJ hr. 

67 

36 



13.5 



.10 3 J hr. 


37 


0 


18 


.015 

350. 

38 



13 

19 


.010 

141 

39 




W 


.006 

94 

40 




21 


.003 

45 




— 
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DAY 1 

DOSAGE .As in;. j 

' BIOOO As 1 

j VIBE As 

[ BONE UAXOW 

M. C. 


nt 

piu. 

p Mai 


1 

2.0 




2 


.0075 

1060 

.0126 

3 



100 


4 


.0037 j 

77 


5 ' 



37 


6 



30 


7 



17 


8 

1 

i 


1 








o.v. 



1 1 

2.0 




2 


.013 

700 j 

.028 

3 


0 

112 


4 



89 j 


5 



77 1 


6 



57 


7 



44 ' 


8 

i 


24 



TABLE 14 

Lymphatic teuhemia — organs 
W. L. 



QIGAN 

As 




Liver 


.4 

Spleen 


.2 

Kidney 




Cerebrum . . 


.15 

Cerebellum . 


.14 

Lung 


.06 

Pect. muscle 


.... .21 

Heart muscle 


.10 

Heart thrombus 


.13 

Pancreas 


.17 

Adrenals 


.10 

Lymph node, , 


.10 

Testes 


.14 

Vert, marrow 


.12 

Fern, marrow . . 


0 


A patient with lymphoblastic leukemia (W. L. in Tabic 11) died four days after 
the last injection. Table 14 shows the arsenic concentration of the oi^ans. 
The distribution in this case was quite similar to that found in guinea pigs and 
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rabbits. In the latter animals as well as in this case, it should be noted that the 
largest total amount of arsenic in the bod}' was found in the skeletal muscle, 
since this tissue makes up approximately 40% of the body weight. 

Two patients who were to have pnetimoencephalographj' were injected about 
24 hours beforehand. When the spinal fluid was drained off, the blood arsenic 
was measured and spinal fluid samples taken. As shown in Table 15, although 

TABLE 15 


Spinal fluid studies — humans 


DAY 

DOSAGE As INJ. 

BLOOD As 

URINE As 

1 SP. FLUID As 

R. B, 


mg. 

ll/a. 

H tola! 

(■/«. 

1 • 

2 

3 

.73 

.006 

520 

0 

J. C. 

1 

1.65 

! 



2 


.009 


0 

3 






TABLE 16 

Higher apes — body fluids 


AN'IUAL KD. 



Chimp. 86 9 

Chimp. !12 d* 

Baboon 1702 


.065 

.057 

.14 


.065 

.057 

.14 


1 

1 

7 


.0089 

.0057 

.0024 

Plasma (p/cc.) 

.0012 

.00094 

.00081 

.0010 


.077 

.017 

.015 


* 

.088 

.045 


.0025 

.00018 

.0014 


1 




* Bladder empty. 


the blood could be easily quantitated, no arsenic could be detected in the spinal 
fluid. The latter was normal in all other respects. It therefore seems reason- 
able to assume that the normal choroid plexus is relatively impervious to arsenic 
passing through it from the blood into the spinal fluid. In regard to perme- 
ability to arsenic in the other direction, i.e., from spinal fluid to blood stream, it 
was not possible to obtain data. 

Studies on Higher Apes. In regard to the last 3 animals a word of explanation 
is needed. Chimpanzee 86 was injeeted 24 hours prior to beginning anesthesia 
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for a protracted ph 3 'sioIogical expenment on its brain. Since the brain was 
exposed for 10 hours before death took place, the experiment itself influenced 
the arsenic distribution only because of dehydration and blood loss. Otherwise 
the animal was healthj'. Chimpanzee U 112 Vas quite sick when first injected 
and at necrop^ the following daj' show'ed extensive miliary tuberculosis of the 
lungs, but very little of the abdominal organs. Baboon # 1702 was a healthy 


TABLE 17 
UiohtT apes — organs 


MGAW 

amir. S( 9 As 

cntMT. 112 t? As 

BABOO.’i 1702 d* As 


f/tm. 


p/r« 

Liver 

.28 

.11 

.052 

Spleen 

.065 

.054 

.023 

Kidney. 

.21 

.082 

.080 

Cervical cord 

.0039 


.0033 

Cerebellum 


.0032 

.0085 

Cerebrum 


.0028 

.0039 

Lung 

.038 

.015 

.011 

Muscle 

.021 

.011 

.013 

Thyroid 

.012 

.013 

.029 

Thymus 

.060 



Ovaries . 

.024 



Uterus 

.031 



Epididymis 


.001 

.075 

Testes 


.012 

.010 

Heart ... 

.084 

.030 

.012 

Pancreas . ... 

.068 

.032 

.014 

Pituitary. ... 

.032 

.028 

.017 

Adrenals 

.023 

.021 

.006 

Cardiac stomach ... 

.036 


.Oil 

Pylorus 

.033 


.028 

Bone marrow 

.023 

.022 

.010 

Seminal vesicle . 



.027 

Prostate 



.023 

Parasites 



.10 

Daily As {mg./hg.) 

.065 

.057 

.14 

Total As {mg./kg.) .... 

.065 

.057 

.14 

Killed after last dose (days) 

1 

1 

7 


vicious animal, although at necropsj' it showed heavy infestation of the large 
bowel with a trematode (Watsonius watsoni). There is no reason to suppose 
that this infestation influenced the arsenic distribution to any extent. All of 
these animals received a verj' small dose per kilo of weight, but the specific ac- 
tivity was so high that quantitations could be carried out with a high degree of 
accuracy. 

Table 16 shows the arsenic concentration in the W’hole-blood, plasma, bile, 
urine, and spinal fluid at necropsy of three higher apes. In each of these animals 
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the small amount in the blood appeared to be chiefly in the erythroc 3 ’tes. The 
bile showed a fairly high concentration, and although the feces of these animals 
were not examined, if they should have shown a low amount, such as was noted 
in humans, it would indicate reabsorption in the intestinal tract. A relatively 
low concentration was obsen'ed in the spinal fluid, but liot as low in relation 
to the blood level as was found in the human subjects. Insufficient data make 
it impossible to assign a reason for the different whole-blood : plasma ratio noted 
in the baboon as compared to that found in the two chimpanzees. The baboon 
and chimpanzee showed spinal fluid arsenic concentrations greater than 
that of the plasma, whereas the spinal fluid arsenic of chimpanzee # 112 was 
much lower than that of the plasma. But since the latter animal was stan'ed, 
dehydrated, and very sick, the data obtained on it must be viewed with some 
suspicion. 

In the last table (Table 17) the arsenic concentration in the organs of the three 
higher apes is Recorded. The baboon showed a high concentration in the epi- 
didymis, but in the tubercular chimpanzee it was relatively low — the first in- 
stance of this encountered in any male animal. The high concentration in the 
intestinal parasites was of some academic interest. Again it should be noted 
that the largest total amount of arsenic rvas found in the skeletal muscle. 

CONCLUSIONS 

1. In the rat arsenic injected as potassium arsenite is concentrated in the 
erythrocj'’tes and appears to be bound to the hemoglobin molecule. 

2. In other animals and in humans arsenic is more widely distributed, but 
the largest total amount is stored in the skeletal muscles. 

3. Excretion in humans and possiblj' in most animals is almost entir^Ij’’ via 
the kidneys. 

4. Arsenic does not pass from the blood into the spinal fluid in detectable 
amounts in humans, but in apes some does get through. 

•J5. There is no evidence that arsenic accumulates in rapid!}' growing tissues. 

.6. Of the small amount found in the whole blood of two leukemic patients, 
there was between three and six times as much in I cc. of leucocytes as in the 
plasma; and between one-half to an equal amount distributed between erythro- 
cytes and plasma. Per cell, the leucocyte averages ten times the amount of 
arsenic as the erythrocyte. 

7. Tissue concentrations of arsenic have been measured in rats, rabbits, guinea 
pigs, chimpanzees, a baboon, and one human dying of lymphoblastic leukemia. 
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The preceding paper has showTi that small amounts of arsenite tagged with 
As’*, when injected into the bods', become distributed in the various tissues at 
concentrations more or less characteristic for each tissue. These arsenic con- 
centrations, in general, are much greater in the tissues than in the serum. This 
suggested that a non-diffusible combination of the injected arsenic is formed 
within the cells. The present paper presents the results of our inv'estigations of 
the manner in which arsenic is held by the tissues after its administration. 

Because of its extreme sensitivity the radioactive tracer method has proved of 
great advantage in this work. For example, following the administration of a 
non-toxic amount of arsenite containing As”, a sample of liver had so much 
radioactivity that only 3 mgm. of tissue, or an equivalent fraction of a larger 
tissue sample, were required for analysb. This amount of tissue contained only 
lO"* mgm. of arsenic. 

Voegtlin, Dyer and Leonard (6) suggested that the suifhydryl groups In re- 
duced glutathione and in proteins combine wth trivalent arsenic, and Rosenthal 
(7) observ’ed the tn vtlro combination of arsenoxide (5-amino-4*hydroxyphenyl 
arsenious oxide) wth proteins in parallel with their content of free sulBiydryl 
groups. However, it was not possible for them to demonstrate that arsenic 
combined exclusively 'rith suifhydryl groups. The further possibility exists 
that arsenic might replace phosphorus, since arsenate nill apparently .substitute 
for phosphate in at least one step in the glycolytic cycle, and it has been reported 
that liver nucleoproteins will take up amenic (8). To inve.stigate the relationship 
of arsenic to phosphonis was one object of our work. 

The first step in tracing the arsenic was to divide the tissues into acid-soluble, 
lipid, and protein fractions. The acid-soluble fraction should contain (a) 
inorganic arsenic, (6) arsenic vv'hich might have replaced phosphorus in the acid- 
soluble organic phosphorus compounds, and (c) any arsenic in combination with 
reduced glutathione. Following this general fractionation, the protein portion, 
which was found to contain the bulk of the arsenic, was further fractionated, 
chiefly with ammonium sulfate. Analyses for phosphorus as well as for arsenic 
were made on the vanous fractions to see if any correlation could be observ'ed 
in the distribution of these tw'o elements. 

Although the arsenic did not prove to be confined exclusively to any gioup of 
proteins, definite differences were observed in the amount of arsenic in different 
protein fra^'tions. 

Metuoos. The tissue acid-extracts were prepared with 0.75 M nitric acid. The lipids 
were extracted from the acid-insoluble residue with alcohol and ether. The lipid-free 
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residue was taken as the “protein” fraction although it obviousJy would contain some 
glycogen. These fractions were then digested with sulfuric and fuming nitric acids, a 
definite volume of 3% sodium bicarbonate was added to each sample, and aliquots were 
taken for measuring the radioactivity and phosphate (9). 

For the protein fractionation, the tissue was minced and then thoroughly broken up in 
a Waring blender with ice cold 1% sodium chloride solution at pH 7.4. The portion of the 
tissue in solution after this treatment was used for fractionation of the proteins with dif- 
ferent concentrations of ammonium sulfate (6“C.). 

In order to precipitate each fraction a number of times with ammonium sulfate without 
too much loss, a scheme of precipitation was used which was analogous to the procedure 
employed in making repeated fractional distillations. After making the initial successive 
precipitations (la, 16, etc.), the fraction la, insoluble in the lowest salt concentration 
(0.6 M (NHOsSOi) , was dissolved insofar as possible in water, centrifuged, and precipitate 
Sa obtained by adding to the separated supernatant fluid a sufficient quantity of ammonium 
sulfate to faring the salt concentration to 0.6 M once more. At this point instead of dis- 
carding the resultant supernatant, it was used to rcdissolve precipitate 16, previously 
obtained, with the next higher salt concentration (1,2 M), Any of this precipitate which 
failed to redissolve in the 0.6 M ammonium sulfate was combined with precipitate Sa for 
succeeding reprecipitations. Meanwhile precipitate Sb was obtained by adding ammonium 
sulfate to the supernatant liquid to obtain a concentration of 1.2 JI. This general proce- 
dure was followed with each of the other fractions obtained with increasing ammonium 
sulfate concentrations. By thus retaining all of the supernatant fluids, the only protein 
lost was that which failed to dissolve in water at one end of the scale, and that which failed 
to precipitate with the highest ammonium sulfate concentration (3.6 M) at the other. 
Each traction was precipitated four times, following which it was washed with 10% tri- 
chloracetic acid, then with a 1:3 alcohol-ether mixture, dried, weighed, wet-ashed, and 
finally analyzed for phosphorus and arsenic. 

In addition several samples of nucleoprotein were prepared. The method of Greenstein 
(10) was followed initially, but since this involves bringing the preparation to pH 10.5, and 
since at this pH arsenic was found to be partially split from the proteins, the procedure was 
modified to avoid pH’s above S.5. As a result, the yield was decreased, but the phosphorus 
content was increased from about 1% to over 4%. 

Results. In Table 1 is recorded the distribution of arsenic and phosphorus 
in the acid-soluble, lipid, and “protein” fractions obtained from five tissues and 
the serum of a guinea pig, and from the liver and kidney of a chimpanzee and of 
a baboon. The guinea pig had been in)ected 8 times with arsenite over a period 
of 4 days, the chimpanzee had received a single injection 24 hours previously, 
while the baboon had been injected one week before the samples were obtained. 
With the exception of the serum, the protein fraction appeared to contain the 
bulk of the arsenic-, with a variable amount in the acid-soluble fraction and a 
negligible amount in the lipid fraction. 

Not all of the acid-soluble arsenic was dialyzable through a cellophane mem- 
brane. It may be mentioned at this point that in contrast to the findings in 
regard to the tissues, in urine, serum, and bile practically all of the arsenic was 
'found to dialyze readily through a cellophane membrane. 

In the case of liver and kidney, the tissue proteins were further fractionated 
to see if the arsenic was concentrated in any particular gi'oup. Some U-pical 
data for the liver of the same chimpanzee mentioned above are shown in Table . 

Per gram of protein there was three times as much arsenic in the less soluble pr( 
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TABLE X 


Distribution of arsenic and phosphorus infraclions of various tissues (values reported per kg. 
of fresh Usstte) 



Acm-SOLUBU 

I UTID 

1 PSOTCDI 


As 10-^ I P 1 As/P 

As lO-r 1 P 10^ I As/P 

1 As 10-1 1 p lo-t ; 


1 

not mol xJO* 

mol 1 mol xlO* 

mol j mol 

xlO* 


Guinea pig 


Liver 

3.6 

36.1 

.097 

.5 

37.0 

.01 

32.6 

31.4 

1 04 

Kidney 

2.7 

26 2 

.103 

.7 

26.6 

.03 

29.0 

2S.4 

1.02 

Spleen 

<.3 

39.5 

<.01 

<.3 

17.5 

<.02 

8.4 

50.8 

.14 

Brain 

.4 

24.9 

.016 

.1 

59.7 

.002 

11.7 

15.5 

.75 

Muscle 

.2 

59.4 

.004 

.2 

10.9 

.02 

O.I 

4.8 

1.90 

Serum 

.8 

.70 

1.1 


.32 

.3 

.06 

.06 

1.0 


Chimpanzee H\\2 


Liver 

4.0 

32.6 

1 '*2 

.1 

24.8 

.006 

10.6 , 

1 25.3 

.42 

Kidney 

3.7 

3S.3 

.10 

, 

23.0 1 

.004| 

5.9 1 

1 

.39 

Baboon 

Liver 

* .9 1 

34.0 , 

.03 

B 



■SB 


.24 

Kidney 

1.9 



B 



iii 


.30 


TABLE 2 

Dislrthulion of arsenic and phosphorus in protein fractions of the liver 


FIOTEOt rXACTIOI 

FES CENT 
or TOTAt 
FSOTEl.N 

1 

As Kr'Mots 
PEE ZO 
rtOTZIN 

P |(r» aois 
rz* xc. 
PIOTtlM 

As/P ElO' 

Chimpanzee jirll2 

Whole liver 


1 

100 

56 

133 

.42 

Sol. inl%NaCl 


82 

60 



Sol. 1% NaCl; ins. HiO . 


4 1 

76 

152 

.50 

Sol. H»0; ins. .6 M* 


13 

69 

163 i 

.42 

Sol. .6 M; ins 1.2 M* 


15 

61 

226 

.27 

Sol. 1.2 M; ins. 1.8 M* 


19 

43 

61 

.70 

Sol. 1.8 M; ins. 2.7 M* 


17 

28 

62 

.45 

Sol. 2.7 M; ins. 3 6 M* 


2 

23 , 

61 

.38 

Sol. 3.6 M; ins. 10% CCljCOOHf 

. . .. 1 

4 

27 

40 

.67 

Baboon 

Whole hver 


100 

30 

123 

' .24 

Knclcoprotein 

1 

.7 

! 2S j 

1350 

.02 


• Molarity of ammonium sulfate. 

t Precipitate with trichloracetic acid from the last supernatant removed from previous 
fraction. 
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tein fractions than in the more soluble fractions. Similar results were observed 
for other liver samples and a Jddnej’^ specimen. Although a relationship seemed 
to exist between solubility and arsenic content, the proteins initially insoluble 
f % saline were not found to be any higher in arsenic than those fractions 
initially soluble in the dilute sodium chloride solution. The tendencj" for the 
values for arsenic and phosphorus to parallel each other in the liver (table 2) 
was not found when kidney tissue was investigated, for in that tissue the highest 
phosphorus values were obtained in the most soluble fractions. 

In regard to nucleoprotein, the arsenic concentration did not appear to be any 
higher than the average obtained for other proteins (see Table 2). 

TABLE 3 


Removal of arsenic and phosphorus from liver proteins under various conditions 


TREATMENT 

As PER CENT 
IWrnAL VALUE 

P PER CENT 
tNrrtAL VALUE 

Chimpanzee #86 

Rapid isolation with 10% CCljCOOH 

100 

100 

10% CChCOOH 18 hours 2S°C 

105 

32 

N/10 HCl } hour lOO'C 

48 

70 

N/10 HCl 1 hour 100°C 

33. 

47 

4% Borax 1 hour 25°C 

55 

80 

N/10 NaOH 1 hour 2o'C 

4 

OS 

Baboon 

Rapid isolation with 10% CCljCOOH 

1 100 

f 100 

pH 7.4 1 hour 25°C 

07 


pH 8.0 1 hour 25‘’C 

< 91 


pH 8,5 1 hour 25°C 

85 


pH 9.0 1 hour TS'C 

75 

101 

pH 9.7 1 hour 25°C 

60 


pH 12.5 1 hour 25°C 

35 

87 

N/10 HCl 0.16 hour lOO'C 

56 

56 

N/10 HCl 0.5 hour lOO’C 

41 

47 

N/10 HCl 1.0 hour lOO'C 

38 

34 

N/10 HCl 2.0 hours 100°C 

35 

34 


Evidence against the replacement of phosphorus in proteins by arsenic may be 
found in the difference in the behavior of the two elements on hydrolysis (Table 3). 
In contrast to phosphorus, arsenic appears to be very susceptible to the action 
of cold alkali, and insensitive to cold acid, a behavior compatible with a combina- 
tion with sulfhj'drj'l groups. On the other hand, both arsenic and phosphorus 
show a similar behavior toward hot acid, for after a decrease to about one-third 
the original value a limit appears to be reached. This suggests the presence o 
two types of bonds for both elements in their combination with protein. 

SU3t3UnY 

1. Following the administration of arsenite tagged with As^<, the distribution 
n( nr?pnic in various fractions of mammalian tissues has been investigate 
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2. The bulk of the arsenic utis found in the protein fraction, with a much 

smaller amount in the acid-soluble portion and only an insignificant amount in 
the lipid fraction. ' 

3. The arsenic was not evenly distributed throughout the proteins, but in 
general appeared to be more concentrated in those tissue proteins which are 
precipitated by less than half-saturated ammonium sulfate. 

4. The nucleoproteins did not take up more arsenic than proteins in general. 

5. From the comparative distribution and behavior on hydrolysis of phos- 
phorus and arsenic, there is little evidence for the replacement of phosphorus by 
arsenic in the tissues. 
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In i6cent publications from this laboratory, wc have reported on a method for 
the quantitative evaluation of the effectiveness of sulfonamides in streptococcus, 
pneumococcus, and colon bacillus infections in nuce and on the comparative 
therapeutic activity of certain sulfonamides in these infections (1-5). The 
present investigation is a continuation of these studies and presents the com- 
parative therapeutic activity of typical derivatives of sulfanilamide on strepto- 
coccus and pneumococcus infections in mice. In vitro data are included for com- 
parison. By basing activity upon blood concentration of drug rather than on 
dosage per os, it was believed that more accurate data than have hitherto been 
available could be obtained on the relation of chemical constitution to in vivo 
activity and on the relation of in vivo to in vitro activity. 

Methods. The procedure for the collection of data and treatment of results was similar 
to that previously used (2-4). Whenever possible. Median Survival Doses (S.D.io) and 
Median Survival Blood Concentrations (S.B.C.so) were determined. Sulfanilamide was 
used as a standard of comparison in the streptococcus infection, sulfapyridine in the pneu- 
mococcus infection. When a compound was not sulBciently active to permit determination 
of an S.D.jo an estimate of the activity ratio was obtained on the basis of survival times, 
using blood concentrations and not drug intakes per os for the comparison. Since com- 
parisons in the present study are based on blood concentrations, inactivity of a drug cannot 
be explained by poor absorption from the intestinal tract. 

CFCW mice were used in all of the experiments with the exception of experiment 13 
(CFl mice). Three to five drug-diets and 40 to 60 mice were used for each drug in any 
particular experiment. In the complete study a total of about 3000 mice was used. 

The C 203 strain of /3-heraolytic streptococcus was used to produce the experimental 
streptococcus infection. The infection in experiment 12 consisted of about 20,000 lethal 
doses: in all other experiments, of about 200 lethal doses. The Ncufeld strain of type I 
pneumococcus was used to produce the experimental pneumococcus infection. This in- 
fection in all experiments consisted of about 200 lethal doses. 

Blood concentrations of drugs were determined as previously described (2). A calibra- 
tion curve obtained with sulfanilamide was used in determining the different sulfonamide 
compounds. With every compound a factor for conversion of the sulfanilamide value to 
that of its derivatives was determined with three concentrations of standard solution. 
Usually this conversion factor agreed within an error of a few per cent with that calculated 
from the molecular weight of the compound. These e.xperimentally determined factors 
w’ere used in all calculations of drug concentrations in blood. 44T)en determining the factor 
the time necessary for raa.ximum color development and the permanency of the color for 
15 minutes was measured. In a few cases rapid fading of color occurred due to precipita- 
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tion of the aso dye; this could be elimioated by adding alcohol to the solution before coup- 
ling. Over 90 per cent recovery was obtained with all compounds used in this study. 

The m vitTO determinations of activity on streptococcus and E. coti were performed by 
the methods already described (5-7). The activity of each sulfonamide against the test 
strain of streptococcus (C 203) was measured in terms of the smallest concentration of drug 
required to inhibit the growth of an inoculum of about 200 bacteria per cubic centimeter 
in a peptone-dextrose broth at 39‘C. for 48 hours. Against the test strain of E. coU (Mac- 
Leod), drug activity was measured in terms of the smallest concentration required to in- 
hibit the growth of an inoculum of about 1000 bacteria per cubic centimeter in a synthetic 
medium at 37” for 48 hours. In each case, activity ratios have been based upon the mioi- 

TABLE 1 


fi^-^Aeydic sulfanilamides 



KO. 



txr. 

KO. 

w vTvo smrrocticcvs ' 

1 

w vmo 
AcnvrrY BATio 

SD.M 

S3.C iJ 


1 Aeiivity ratio j 

Istrepto- 

C. «sU 
molar 
ham 

rttlo 


Sanit/fr 

limtlivf 

dcZS.E. 

1 COCDU 
' molar 
taM 






mtm. % 






78 

OH* 1 

H 

1 

5.2 

1.6 

1.1 

1.1 1 

.6-2.3 

.02 

.06 

182 

CH, 

H 

2 

20 

6.6 

.46 

1 







3 

13 

4.6 

.15 

.3 

.2- .6 

i .3 

.5 

191 

CH, 

CH, 

4 

44 

5.8 

.21 

.3 

1- .4 


.6 

46 

CH,CH,OH 

H 

5 

38 

6.3 

.26 

1 .3 

.2- .6 

.2 

' .2 

74 

c;h,ch»oh 

CH,CH,OH 




t 

i 



1 .2 

172 

0=NHNHi 

H 

6 

22 

1.7 

.82 



1 3 

1.3 



1 

6 

13 

1.8 

.56 

.8 

' .5-1.3 



183 

C=NH*NHCH, 

H 

5 

18 

1 5 

.78 

1.0 

.5-1.9 

.7 

' 1.3 

60 

COCH, 

H 1 

7 1 

34 

2.5 

.44 

.6 

.3-1.0 

.3 

5 

106 

CO(CH,}wCH,* 

H 

1 , 

13 

2.6 

.69 








8 

7.4 

.75 

.80 




1 



1 

9 1 

1.6 

.98 

1.6 

1.0 

.6-1.7 

4. 

<•1 

97 

CHjCOOH 

H 




t 



02 

,04 


* Blood concentrations calculated as sulfanilamide, 
f Almost inactive. 

t Less than tV as active as sulfanilamide. 


mal inhibitory drug concentrations (molar), using sulfanilamide as the reference standard. 
As previously reported (5) the vi(ro activity ratios are probably accurate to within plus 
50 end minus 25%. 

Results. The results of the present investigation are summarized in tables 
1-8. In tables 1-5 are given the activity ratios of various sulfanilamide deriva- 
tives against the ^-hemol^'tic streptococcus infection in mice as well as the in vitro 
acthdty against the same strain of streptococcus and the strain of E. coli. 
Sulfanilamide was used as the standard of comparison in these tests and its ac- 
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N^-Isocyclie sulfanilamides 
HjN/ ^SOjNHR 




IN VIVO ACTIVITY RAHOS: 

IN viTKo Acnvmr ratios: 



STREPTOCOCCTS 

Streptococcus, 
molar basit 

E. coli, 
molar basis 

87 

C.H, 

About 0.05 

3 

6 

167 

C»H,OH-2 

Less than 0.05 

.8 

13 

33 

C,H40H-3 

Less than 0.05 

3 


169 

C.HjOH-4 

Less than 0.05 

1.5 

1.5 

105 

CeH,NH,-2 

Less than 0.05 

.2 

1.5 

79 

C,H,NH,-4 

Less than 0.05 

.8 

3 

6 

C.H.COOH-2 

Less than 0.05 

3 

.2 

8 

CcHtCOOn-3 

Less than 0.05 

.4 

.4 

4 

C,H4C00H-4 

Less than 0.05 

3 

.03 

5 

C,H,SOiOH-2 

Inactive or almost so 

.1 

.01 

7 

C.H,SOiOH-3 

Inactive or almost so 

1 

.02 

9 

C,H,SOjOH-4 

Inactive or almost so 

.2 

.05 

36 

C.H,S03NH3-4 

See table 5 




TABLE 3 


N^‘HelerocycUc aulfantlamtdcs 
H,N^ /SO.- NHR 




1 









i 


IN VIVO SISEPTOCOCCOS 


RATIO 

NO, 

R 

EXP. ■ 
, NO. 

! 



Activity 

ratio 

vtight 

basis 

1 Activity ratio 

Strepto* 

E. coU 
molar basis 



S.D.» 

1 

S3.Cao 

iloJor 

basis 

Kattfe/or 
limtls of 
±ZS.B. 

coccus 

molar 

basis 



1 

mgm. 1 

mgm,% 






165 

s — 1 

6 

4.0 

1.9 

.53 

.8 

.4-1.4 

6 

1 100 


N 







1 



1 ■/ 









39 

s 1 

1 

3.4 

4.3 

.42 ; 

.6 

.4-1.1 


50 


1 \ 1 










1. ? 










1 

CH, 









168 

1 

\ / 

10 

1.3 

2.5 

.44 



1 


11 

1.2 

1.9 j 

.84 






12 

3.0 

4.7 ! 

.79 


.6-1.3 


100 



13 

2.1 

2.4 i 

1 

.62 

.9 


180 


2 

2.0 

4.8 

.54 





j 

KB 

.9 

4.3 

.26 






\ / 1 

11 

! 1.2 

5.7 

.28 



1 



1 

12 

! 1.8 

5.7 

.65 




50 


CH, 

13 

; 1.9 

5.4 

1 .28 

.5 1 

.4- .7 

j 

213 

1 


i 

.7 

|2.9 

1 

! 

.5 1 

.2-1.2 

1 

i 

i 


■tno 

nroatininc 





■ 1 


1 

i 
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tivity was taken as unity. The values for the activity of sulfanilamide in the 
different experiments are given in table 6. In this table the “Experiment 
No.’s” correspond to those given in tables 1-5, The Median Survival Doses 
(S.D.so’s) arc giv'cn in mgm. per mouse per day, and the Median Survival Blood 


TABLE 4 

K'-Heterocyclic tul/anilamides {continued) 






»M VIVO STxrrrococeus 


1 IS vmo AcriviTTr 

1 lano 

HO 

X 

ZXT. 



Activity 

Activity ratio j 

Strepto- 

£ Coli 
moUr basis 




SDm 

S^.Cm 

1 ratio 
weifU 

1 Ifelar 

• Rani* for 
itmits ^ 
4;2S£. 

coccus 

tntlar 

karif 

121 


5 

51 

rngm % 

2.8 

.50 , 

.8 

.4-1.5 

A 

.2 

102 

^ NCH,CH,OH 

1 NCHiCHiOH 

4 

1 

n 

i 

1.6 

.75 

1 

1.4 

.8-2.5 

1 

.i 



TABLE 6 

N^,N*-SubstituUd tulfanilamides 
R,Hn/ ^SOiNHRi 



Concentrations (S.B.C.so’s) in mgm. %, but the weighted activity ratios are ex- 
pressed on a molar basis. In the arrangement of the tables Northey’s (8) classi- 
fication of sulfanilamide deriv’atives has been followed. 

In the case of compounds Nos. 76 and 100 in table 1 and Nos. 51 and 185 in 
table 5, there is evidence that the aiylamine pre.sent in the blood is sulfanil- 
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amide. No. 76, iV‘-hydroxysulfanilamide, when diazotized and coupled takes 
about 10 minutes' for the development of maximum color, whereas the arylamin 

TABLE 6 


Activity of sulfanilamide in a streptococcus infection 


ZXP. NO. 

(S ± S.E. 


S.S.C.I9 

STANDARD ERRORS OT lOCARtTHltS 

ort 





S.D-m 

S.B.C.io 

1 

2.7 ±1.0 

mfm . 

3.4 

ntm.% 

1.8 

.082 

.102 

2 

2.9 ±1.2 

6.2 

2.6 

.079 

.116 

3 

1.6 ±1.0 

2.7 

.7 

.128 

.133 

4 

S .0±1.3 

3.8 

1.2 

.051 

.079 

5 

2.4 ±1.6 

4.0 

1.4 

.109 

.114 

6 

2.5 ±0.9 

3.2 

1.0 

.089 

.095 

7 

4.0 ±1.1 

2.8 

1.1 

.078 

.098 

8 

1.3 ±1.6 

2.5 

.6 

.141 

.147 

9 

1.9 ±1.2 

4.7 

1.6 

.106 

.113 

10 

2.1 ±1.0 

3.3 

1.1 

.097 

.102 

11 

1.6 ±2.0 

4.5 

1.6 

.129 

.135 

12* 

1.5 ±0.7 

11 

3.7 

.133 

.143 

13 t 

4.1 ±1.6 

7.4 

1.5 

.057 

.094 

14 

2.2 ±1.2 

3.6 

1.0 

.116 

.142 


* Infection = 20,000 lethal doses, 
t CFl instead of CFCW mice. 


TABLE 7 

Activity against pneumococcus 


NO. 

NAU£ 

EXP. NO. 

5J>.I6 


ACTt^TTY 

SAtIO 

W'EIGBT 

BASIS 

Acnvi: 

iloior 

basis 

rv RATIO 
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JV'-OJ-hydroxyethyl) 

1 

100 

18 

.40 

.5 
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168 

Sulfadiazine 

2 

8.6 


1.1 




Sulfadiazine 

3 

15 


.65 

1.2 

.8-2.0 

180 

Sulfamethyldiazine 

2 

9.2 

13 

.85 




Sulfamcthyldiazine 

3 

14 

17 

.76 

1.2 

.8-1.8 

213 

Sulfapyrazine 

4 

7.8 


1.4 




Sulfapyrazine 

5 

5.9 

8.8 

1.7 

2.3 


2 

Sulfapyridinc 

1 

14 

7.1 





Sulfapyridine 

2 

20 

11 





Sulfapyridinc 

3 

28 

13 





Sulfapyridine 

4 

31 

14 





Sulfapyridine 

5 

33 

15 

i 


— ■ 


found in blood after administering this drug resembles sulfanilamide in the 
rapidity of color development. No. lOG, N‘-dodecanoylsuIfanilamide, " len 
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given per os to a dog gives rise to sulfanilamide in the urine (see chemical data). 
No. 51, N^-benzylsulfanilamide, can not be diazotized and coupled until de- 
composed to sulfanilamide. No. 185, iV^-hydroxy-JV^-hexanoylsulfanilamide, 
must be deacylated before it can be diazotized and the N’-hydroysulfanilamide 
thus formed presumably is changed to sulfanilamide. The blood concentrations 
of these four compounds have been expressed as sulfanilamide. 

In table 7, data are presented on the actinty of four of the compounds against 
the pneumococcus infection in mice. In this case, sulfapyridine was used as the 
standard of comparison. The figures for the S.D.so’s and S.B.C.so’s of sulfa- 
pyridine in the five experiments are given at the end of the table. 

The activity ratios of eight sulfonamide compounds on the streptococcus, 
pneumococcus and E. coli infections in mice are given in table 8. The activity 
ratios are based on the blood concentrations of the drugs necessary to produce 
the same therapeutic response, in other words on the S.B.C.jo's. The ratios 


TABLE 8 

Aelmiy on slTeplococeui, pneumococcus and E. coli infections 


MO. 

MAKE 

ACTIVITY SATIOS 

Stieptoeocev} 

Fecunoeoenu 

E. 

uli 


UtUr 


ilehr 

Wtithl 

Uttar 

1 

Sulfanilamide 

1 

I 

1 

1 

1 


46 

Ar‘(i5-l»ydroxy€tbyl)- 

.3 

.3 

.9 

1.1 




sulfanilamide 







172 

Sulfaguanidine 

.8 

1 

2 8 

3.5 



2 

Sulfapyridine 

1 I 

1.6 

2.3 

3.4 

6 

9 

165 

Sulfathiazole 

.6 

.9 

2.8 

42 

10 

15 

16S 

Sulfadiazine 

6 

9 

2 

3 

11 

16 

ISO 

Sulfametbyldiazine 

.3 

.5 

1.8 

2.9 



213 

Sul/spyrazine 

.3 

•5 

3.6 

5.4 




are given both in terms of weight and molar concentrations. The figures given 
in table 8 for some of the compounds have been calculated from data given in 
previous publications (2, 3, 5). 

Discussion. Thirty-three typical sulfanilamide derivatives have been ex- 
amined in the present investigation for their activity on a streptococcus infection 
of mice. The comparative therapeutic activity of the compounds has been 
ba.sed upon the blood concentrations which give the same therapeutic response. 

On a weight basis (mgm. per cent in the blood) none of the derivatives are 
significantly more active than the parent compound, sulfanilamide. Several 
of the compounds which are shown in this study to be definitely less active have 
been reported by others as being equally or more active than sulfanilamide (8). 
However, to date, no sulfanilamide derivative has been shown to be more active 
in a streptococcus infection than the parent substance when .satisfactory methods 
have been used for making the comparison. When compared on a molar basis, 
sulfapyridine (No. 2, table 8) and possibly 5-j8-h3'droxyethyI)-:?-suIfaniIimido- 
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£ ,^-dihydrothiazoIe (N^o. 192, table 4) were more active than sulfanilamide. In 
the iV'-acylic derivatives (tabie 1) the only compounds which appear to be as 
active as sulfanilamide are the guanidine and methylguanidine derivatives 
(Nos. 172 and 183) and the two compounds which decompose to sulfanilamide 
in the body (Nos. 76 and 106). The iV'-isocyclic derivatives are all much less 
active than the parent compound ivith the exception of N^-sulfanilylsulfanil- 
amide (No. 36, tables 2 and 5). The N'-heterocyclic derivatives (tables 3 and 4) 
[with the exception of No. 192 (table 4) and sulfapyridine (table 8)] are less 
active than sulfanilamide. 

The data presented in table 8 indicate that there is a definite specificitj’ in the 
action of sulfanilamide derivatives on bacterial infections in mice. W^ile no 
derivative (with the e.xception of No. 2) appears to be more active than sulfa- 
nilamide on the streptococcus infection, all derivatives (n-ith the exception of 
No. 46) are more active than the parent compound against the pneumococcus 
infection. Also, sulfapyridine, sulfathiazole and sulfadiazine are all much more 
active than sulfanilamide against the E. coli infection. 

In a recent communication from this laboratory (9) it was showm that no 
compound which was inactive in vitro was active per se against a streptococcus 
infection in vivo, and a compound which was active in vitro might be cither 
active or inactive in vivo. The conclusions of that qualitative study are con- 
imed by the present quantitative comparison of in vivo and m vitro activity. 
From the data a.s a whole, it is further evident that there is no quantitative rela- 
;ion between in vivo and in vitro activity on the streptococcus. While there is 
10 correlation between in vitro activity upon the streptococcus' and that upon 
;he colon bacillus, no compound which was less active against coli in vitro was as 
ictive as sulfanilamide in vivo on the streptococcus with the e.vception of No. 121 
'table 4). 

Table 6 illustrates the variability in the response of the streptococcus infec- 
tion to treatment with sulfanilamide and emphasizes the necessity for the use of 
some drug as a standard of comparison in every e.xperiment. Omitting experi- 
ment 12, where a larger infecting dose was used, the Median Survival Blood 
Concentrations vary from 0.0 to 2.67 mgm. %; sulfanilamide is four times as 
active in one experiment as in another. In table 7, the variabilitj'' of the response 
of the pneumococcus infection to sulfapyridine is seen to be about two-fold 
(S.B.C.io varies from 7.1 to 15 mgm. %). 

CaS-ViCAL Section. Compounds no. 2,4, 5,6,7, 8,9, lOG, 168, 172 and 180 were supplied 
by the American Cyanamid Company; nos. 1, 46 and 76 by Eli Lilly and Company; no. 213 
by Mead Johnson and Company; no. 51 by Merck and Company, Inc., no. GO by Schering 
Corporation; no. 185 by Sharp and Dohme; no. 165 by E. R. Squibb and Sons; and nos. 36 
and 39 by Winthrop Chemical Company. We wish to thank the above for their courtesy 
in supplying these drugs. Compounds no. 33,74,79, 87, 97, 105, 107 and 109 were prepare 
in this laboratoiy. Compounds no. 182, 183, 191 and 193 are described below »'>'! wm- 
pounds no. 121 and 192 will be described in n publication by Shepherd, Bratton and Blan- 

NL-Sylaul/antlamf*. Eight-tenths of a mole of acetylsulfanilyl chloride was added 
in si.\- portions to 0.8 mole of 33% aqueous methyiaminc in 450 cc. of 1 N Na-CO, sola m 
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maintained at 40-15*. The reaction mixture tras kept at pH 8 to 9 by addition t)f 12 N 
NaOH. After disappearance of the solid, the A^-raetliyI-A’*-acetyI-8uIfanilamide was 
precipitated with 6 N HCl. Yield: 85-90%. M.p. 190.0-190.5* after recrystallization from 
water. Diazotization following de-acetylation gave 0.752 as much color as an equal weight 
of sulfanilamide; calculated colorimetnc factor: 0.754. 

Hydrolysis with 2 moles of 3 N NaOH for IJ houm or with 2 moles of 2.5 N HCl for 15-20 
minutes gave 75-85% yields of N‘-methylsulfamIamide. M.p. 112,5-113.0* (recirst. from 
water). Colorimetric /ac/or: calc., 0.925; found, 0.927. 

N'iN'-Dtmelhylaul/anilamide To 1 mole of dimethylamine hydrochloride, dissolved 
in a minimal amount of water, was added 3 moles of 12 N NaOH. An acetone solution of 
1 mole of ncetylsulfanilyl chloride was added slowly with stirring, keeping the temperature 
below 30®C. by addition of ice. The clear solution was neutralized end chilled, whereupon 
an oily upper layer separated and slowly crystallized. A portion of the product, 
dimethyl-A'‘-acetyl-8ulfanilamide, melted at 142-3* when rccrystallized several times from 
water. 

The acetyl compound was hydrolyzed by boding i hour with 4 moles of 6 N HCl. The 
product, A’‘,N‘-dImcthyIsulfanilamide, was recrystallized from 50% alcohol with the aid 
of charcoal and melted at 171-2*. The yield was 80 per cent, based on dimethylamine. 
Colorimetric factor: calc., 0.86; found, 0.86. 

N^-{Meihylguanyl)'aulfantlamide Two hundred grams of Eastman’s mcthylguanidine 
nitrate (1.47 moles) was dissolved in 313 cc. of 12 N NaOH, mixed with 580 cc. of acetone 
cooled to 10-15*. To this 350 grams of acetylsulfanilyl chloride (1.5 moles) in 1,000 cc. of 
acetone was added with stirring during 1 hour. After stirring 1 hour longer, the reaction 
precipitate (35-55 gm.) was separated by filtration This material was shown to be sodium 
A’‘-methyl-N'-acetyl8ulfanilamide by formation of A’^-methyl-N'-acetyl-sulfanilamide by 
neutralization and of N‘-methylsuIfanilamide by hydrolysis. The filtrate was neutralized 
and evaporated to dryness in a stream of air. Suflicient water was added to make the 
resultant syrup filterable and the product was obtained by suction-filtration, washing with 
dilute alkali and water. Yield . 12-16%. M.P. 246-7* (recrj’st. from 20% ethanol and dried 
at 125*). Colonmeirtc factor (after hydrolysis): calc., 0.637; found, 0.W4. 

Hydrolysis with 21 moles of 1 N HCl for 15 minutes gave 50-65% yields of A’>-(methyl- 
guanyl)-sulfaDilamide. M.p. 170.0-170 5* (recryst. from 20 per cent ethanol and dried at 
125“). Colorimetric factor: calc , 0 764; found, 0.76S. Anal. Calc, for CtHuNiO-S: C, 
42.09; H, 6.30; found, C, 41.4; H, 5.24. The solubility in water at 37* U 510 mgm. %. 

By alkaline cleavage to sulfanilamide the methyl group was shown to be on one of the 
terminal nitrogens of the guanidine group A'*'(methyIguanyl)-sulfanilBmide (O.Ol mole) 
was refluxed 2 hours with 0.1 mole of 1 N NaOH. After neutralization and evaporation to 
dryness, the product was washed with cold water. The sulfanilamide was separated from 
unchanged starting material by treatment with dilute alkah and obtained in 65-75% yield 
by neutralization with 12 N HCl. M.p. 165-6* unchanged by mixing with authentic sul- 
fanilamide. Colorimetric factor' calc., 1.00; found, 0.99S. 

Sulfanilylcreatinine. Twenty-three grams of creatinine (0.2 mole) was dissolved in 
100 cc. of water at 40-50*. To this 46 6 grams of acetylsulfanilyl chloride (0.2 mole) was 
added in small portions, using 12 N NaOH to keep the mixture at pH 8-9. Neutralization 
with 12 N HCl gave 8-12 grams of product (13-19% yield). M.p. 266* (dec.) after recrystal- 
lization from water. Colorimetric factor (after hydrolysis): calc., 0.555; found, 0.55. 

Hydrolysis with 3.5 moles of 2 N HCl for 35 minutes gave 80-85% yields of sulfanilyl- 
creatinine. M.p 228* (dec.) after rcco'st. from water. Colorimetric factor: caic.-, 0.642; 
found, 0 672. Anof Calc, for C.oHuNiOjS: C, 44.77; H, 4.51; found, C, 44.90; H, 4.49. 

Hydrolysis of N^-Dodecanoylsulfantlamide to Sulfanilamide in the Dog. A 20 kgm. dog 
was given by stomach tube 4 grams (0 2 gmYkgm ) of jV^-dodecanoylsulfanilaraide sus- 
pended in olive oil. The urine, collected during the following 23 hours, amounted to 300 cc. 
and contained 450 mgm. of arylaminc, expressed as sulfanilamide. The urine was treated 
with 2 grains of Norite and allowed to stand 18 hours in the refrigerator. The charcoal was 
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filtered off, and analysis of the filtrate indicated 300 mgm. of arylamine (expressed as sul- 
fanilamide) had been adsorbed on the charcoal. The charcoal was extracted 0 hours in a 
Soxhlet extractor with alcohol, and the 61 cc. of extract contained 280 mgm. of arylamine 
(expressed as sulfanilamide). After evaporation to a syrup, the residue was taken up in 
10 cc. of hot water containing a little NaHCOi. Chilling yielded 172 mgm. of a product 
melting at 164-5°. After recrystalHsation from water, it melted at 165-6°, unchanged by 
admixture with authentic sulfanilamide. Colorimetric analysis of the recovered sulfanila- 
mide indicated a purity' of 98%. 


SmiMARY 

The therapeutic actitdty of 33 typical derivatives of sulfanilamide against a 
streptococcus infection in mice has been compared. With the exception of 
sulfapyridine none of these derivatives was found to be significantly more active 
than sulfanilamide, while most of them were less active than the parent com- 
pound. On a pneumococcus infection, sulfapyridine, sulfathiazole, sulfadiazine, 
sulfamethyldiazine, sulfapyrazine and sulfaguanidine are all more active than 
sulfanilamide. There appears to be a definite specificity in the action of sulfa- 
nilamide derivatives on bacterial infections in mice. Although all compounds 
which were active in vivo were also active in vitro, there appears to be no quanti- 
tative relation between in vitro and in vivo activity. 

We yvish to thank Dorothea Babbitt and Dorothy J. MacKenzie for technical 
assistance in this work. 
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Within recent yeai’s increased attention has been paid to the urinary elimination 
of nicotine in man, such studies having received particular impetus through the 
development of suitable qualitative and quantitative chemical methods of 
analysis. FreUNTimt and Hertz in 1932 (1) were apparently the first to crj'stal- 
lize nicotine, as the dipicrate, from urine, and to determine the amount present 
quantitatively. Their obser\'ations were made in a gardener who had been se- 
verely poisoned by exposure to a nicotine insecticide spray. In 1933 Dingemansc 
and Freud (2) indicated that the substance “Katatonin,” which they had isolated 
from human urine as a picrate and picrolonatc, was identical with nicotine 
chemically and pharmacologically, and stated that their method of analysis for 
katatonin was equally suitable for nicotine. Bodndr, Nagy and Dickmann (3) 
reported in 1935 on the quantitative estimation of nicotine in the urine of smokers, 
and Perez (4) published similar observations several years later. In this country 
Helmer, Kohlstaedt and Page (5) prepared crj'stalline nicotine picrate from the 
urine of smokers in 1939, and subsequently Corcoran, Helmer and Page (6) 
developed two methods with which they studied quantitatively the amount of 
nicotine in the urine. 

From the foiegoing it is clear that some nicotine is excreted unchanged in the 
urine, but available evidence indicates that this is only a small proportion of the 
total amount absorbed. Preliminarj' to investigations concerned with the fate 
of the remainder, we have had occasion to study the urinary elimination of nico- 
tine by tobacco smokers. We found striking and frequently inexplicable dif- 
ferences in the quantity of nicotine eliminated in the urine of smokers, and these 
pointed to the need for seeking the factors which might govern this excretion. 
Travell’s (7) obseivations on the effect of different hydrogen ion concentrations 
on the absorption of nicotine from the urinary bladder of cats suggested that the 
factor of nicotine reabsorption from the urinary tract might be of major impor- 
tance. Hence in this study we have particularlj* investigated the effect of acidi- 
fication and alkalinization of the urine on the elimination of nicotine by tobacco 
smokers. All of the subjects studied were healthy, young adult males. 

Procedures. A. Determination of nicoUne murine . Chemical: The generally accepted 
method for the macro-determination of nicotine is the Bilicotungstic acid method of the 
A 0 A C. (8), and Spies (9) has shown that a method similar in principle is applicable to 
micro-quantities. The method we used was based on both of these technics, the principal 
adaptative modification consisting of concentrating the nicotine in proportion to the other 
urinary constituents by ether extraction from an alkaline urine. 
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Experiments on the recovery of smal) amounts (2, 5 and 10 mgm.) of nicotine added to 
24 hour specimens of urine from smokers as well as from non-smokers, indicate that the 
error of the method is less than 10%, with a tendency towards high rather than low values. 

Traces of a substance forming an insoluble silicotungstate by this method of analysis 
were found in the urine of two non-smokers (0.01 and O.OS mgm. per 24 hour urinary speci- 
men). These quantities were insufficient for identification. They may represent a slight 
blank on the determinatmn, or nicotine absorbed from the atmosphere in the presence of 
smokers. 

Biologic: *4 solution was made by regenerating the base from the insoluble silicotungstate 
obtained in the chemical analysis, extracting with ether and treating with dilute acetic acid. 
When injected into the ventral lymph sac of frogs (liana pipiens) in amounts of 0.015 mgm. 
per 40 gram frog, it elicited the characteristic response of the limbs as described by Fiihner 
(10), A control solution of nicotine acetate gave the same threshold of response. The 
material recovered from urine, when injected intravenously into an anesthetized dog, 
elicited a blood pressure response that was quantitatively and qualitatively identical with 
that produced by the control nicotine solution. For instance, the average blood pressure 
rise produced by 0.01 mgm. per kgm. of control nicotine was 70.6 mm, Hg, while with the 
same amount of the base the rise was 69.0 mm. Hg. 

B. Methods of acidifying and alkalinizing the urine. For the purpose of maintaining the 
urine acid 1 gram of ammonium chloride was administered orally 4 times daily and 24 hour 


TABLE 1 

Daily urinary elimination of nicotine by smokers 
(pH of urine uncontrolled) 









40 

40 

40 

40 



2.2 

7.5 

2.2 1 

m 




* Average of four 24 hour periods. 


specimens of urine collected when the pH of the urine had fallen to or below 5.8 (glass elec- 
trode), at which point, according to Travcll (7), there was no evidence of nicotine absorption 
from the urinary bladder of cats. To alkalinize the urine 5 grams of an cffen'cscent al- 
kaline citrate and carbonate preparation was given 4 times daily and specimens collected 
while the urine was maintained alkaline. 

Results. Table 1 shows the amount of nicotine eliminated in the urine of 
smokers during the periods when no attempt was made to control the pH of their 
urine. The subjects were inhalers, but otherwise unselccted as to smoking 
habits e.xcept for the fact that they all smoked approximately the same number of 
cigarettes per day. 

It will be noted that the daily elimination of nicotine differed widely between 
the four subjects (2.2 to 7.6 mgm.), and even in the same subject ( 1) on dif- 
ferent occasions. In this latter smoker the values ranged from 2.2 mgm. for 
one 24 hour period to 7.5 mgm. as an average 24 hour value calculated from the 
results obtained on a pooled 96 hour urine collection. 

In table 2 are shown the effects of acidifying and alkalinizing the urine on tlie 
elimination of nicotine by three smokers. It is immediately apjsarent that the 
urine, when alkaline, contained definitely less nicotine than when acid. In 
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subject # 1, for instance, the average daily elimination of nicotine was 2.C5 mgm. 
when the urine was alkaline, 15 mgm. when the urine was acid. It is also to be 
observed that when acid the nicotine content of the urine was more nearly pro- 
portional to the number of cigarettes smoked. Had it been possible better to 
standardize the smoking habits of these subjects (i.e. completeness of smoking 
each cigarette, frequency of puffs, etc.) greater proportionality might have been 
found. 


TABLE 2 


The ejfecl of hydrogen ion coneentratton of urine on the amount of nicotine 
eliminated by tobacco smokers 
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Table 2 also shows the results of studies made on a non-inhalcr when the urine 
was maintained acid to minimize nicotine leabsorption. This non-inhaler 
eliminated only about 10 per cent as much nicotine as did subject # 1 when both 
were under the same experimental conditions as to urinary pH and number of 
cigarettes smoked. 

It may be pointed out that the dmly volume of urine, although varjnng several 
fold between individuals, remained relatively constant for each subject during 
the several experimental periods. 

Discussion. In order to calculate the percentage of nicotine eliminated in 
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the urine of our subjects it was necessary for us to make certain assumptions as to 
the extent of nicotine retention during smoking. The main stream smoke from 
each of the cigarettes we used contained approximately 3 mgm. of nicotine, as 
determined by the method described by Bradford, Harlow, Harlan and Hanmer 
(11). On deep inhalation, Hillsman (12) found that from 90 to 98% of this 
nicotine is absorbed. Values of from 88 to 97% have been reported by others 
(3) (13) (14). An arbitrary value for the nicotine absorbed on inhalation of 
2.88 mgm. (96% of 3 mgm.) per cigarette, is accepted here for calculations of the 
percentage eliminated in the urine of our subjects. In view of HDlsman’s (12) 
observation that a non-inhaler retains, as an average, about 12% of the nicotine 
in the main stream smoke, we have assumed that the non-inhaler we studied 
absorbed 0.36 mgm. nicotine per cigarette. 

Emplo 3 nng the above assumptions we found that about 2.5 to 4% of the retained 
nicotine was excreted in the urine when the urine was maintained alkaline, from 
2 to 7% when the reaction of the urine was not controlled, and from 10 to 13% 
when it was maintained distinctly acid. The figures of Bodndr, Nagi' and Dick- 
mann (3) and Corcoran, Helmer and Page’ (6) obtained on smokers in whom no 
attempt was made to control the urinary pH, fall approximately within the 
total range of these values. The finding of Bodndr, Nagy and Dickmann (3), 
that no nicotine appeared in the urine of a non-inhaler, was not confirmed by our 
observations on a non-inhaling subject in whom nicotine reabsorption from the 
urinary tract was inhibited by urinary acidification. 

In regard to the relationship between the amount of nicotine retained during 
smoking and the quantity of lucotine excreted in the urine, correlation of a high 
degree could be expected only if the human organism remained in the same 
physiologic state. This is not usually the case, and from our data it appears 
that one of the important variants in this connection is that of urinarj'- pH. 

Since we found in the urine at the most onb' 15% of the nicotine retained from 
tobacco smoke, our results are in keeping with the current belief that some more 
potent mechanism than renal excretion must normallj' be active to care for the 
disposal of nicotine. The conclusion of Perez (4) that approximately all of the 
nicotine received by the smoker is excreted in the urine is vitiated by the dubious 
method used b^^ him to determine the nicotine content of tobacco smoke. 

Travell, Bodanskj’' and Gold (16) havesuggested the possibility of reabsorption 
of nicotine from the bladder of smokers, even to the point of poisoning if the 
urine became alkaline. We believe we har’c demonstrated reabsorption of nico- 
tine from the urine of smokers when the urine was maintained alkaline. At what 
point along the urinarj' tract tliis occurs to the greatest extent is not known. 
However, it would seem that there is ordinarilj' tittle danger of poisoning from this 
source. Even when the urine of smokers is acid in reaction, thus minimizing 
reabsorption, a considerable volume would have to be present in the bladder to 
contain sufficient nicotine to be a potential source of poisoning. That such a 
volume could be shifted from an acid to an alkaline reaction suddenlj' enough to 
bo effective, other than bj' acute experimental procedures, seems remote. 

> Their quotation of Wenusch (15) as having found 30 mgm. of nicotine in the smohe 
from one cigarette is an obvious typographical error; it should read 3.0 mgm. 
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As pointed out by Crane (17) in 1921, the effect of pH is exerted not so much 
on the absorbing tissue as on the drug, by determining the proportion of the 
drug in the free and combined states. Free nicotine is readily absorbed, while 
its ion is poorly absorbed, if at all. The ionization constant of nicotine is such 
that large changes in the ratio of free to combined base are produced by variations 
in hydrogen ion concentration \vithin the range compatible wth living tissues. 
This has been mentioned by Ellisor and Richardson (18), Travell (7), and by 
Weatherby (19). 

In view of our observations it might be emphasized as a generality that, in 
studies of the extent of urinary e.xcretion of a chemical, the reaction of the urine 
and the dissociation constant and relative resorbability of the free and combined 
drug, plus the possible effect of pH on the absorbing membrane, should be taken 
into considerations as possible influencing factors. 

SUMMARY 

1. Nicotine has been determined quantitatively in human urine by a modified 
silicotungstic acid method. 

2. During the periods when the urine was alkaline, the amount of nicotine 
excreted by tobacco smokers was only 25% of that noted when the urine was acid, 
presumably because of reabsorption of the nicotine from the urinary tract. 

3. Data are presented supporting the view that some potent mechanism other 
than urinary excretion is active in the disposal of nicotine by tobacco smokers. 

4. In studies of the quantitative urinary elimination of chemicals generally 
the possible influence of urinary pH on their resorption from the urinarj’ tract 
might well be borne in mind. 
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Up to 15% of administered nicotine is excreted unchanged in the urine (1, 2, 
3, 4). The remainder is apparently detoxified in the animal organism. It is 
with the latter fraction that we are here concerned. 

The important r61e of the liver in this detoxication process has been shotvn by 
Biebl, Essex and Mann (5) using the heart-lung-liver preparation. Although 
Wenusch (6) was unable to demonstrate detoxication of nicotine b}’’ finely hashed 
pig liver, Werle (7), testing the ability of isolated tissues of the rabbit (Warburg 
technique) to detoxify nicotine, found that liver is outstandingly active. Kidney 
and lung tissues were also found able to detoxify nicotine, whereas muscle, spleen, 
brain and small intestine mucous membrane showed no activity in this respect. ' 
Deto.xication was dependent upon the presence of o.xygen and did not proceed 
in an atmosphere of nitrogen or in the presence of 0.001-0.003 M of KCN or in 
oxygen containing 20% carbon monoxide. Werle concluded that detoxication 
of nicotine is dependent upon enzymatic processes. 

The identity of the end product or products of nicotine detoxieation in the 
animal organism is unknown. A single possibility has been suggested. Linneweh 
and Reinwein (8) in 1932 postulated nicotine as a possible precursor of the trigo- 
nelline of human urine. Apparent support for this appeared reeently. Melnick, 
Robinson and Field (9), investigating the urinarj’ excretion of nicotinic acid and 
related compounds as an index of the nutritional level of this dietary essential, 
observ'ed a marked increase after smoking in the e.xcretion of trigonelline by in- 
dividuals on a basal diet. Their analytical procedure depends on the hydrolysis 
of trigonelline to a substance that forms a colored compound in the presence of 
cyanogen bromide and aniline. This color reaction is b}’ no means specific, and is 
sensitive in varying degree to pyridine and many pyridine compounds. It is quite 
possible that the procedure used for the hydrolysis of trigonelline resulted in the 
conversion of the end product of nicotine detoxication to a substance yielding in- 
creased color with these reagents. This interpretation appears probable in view 
of the findings of Perlzweig, Levy and Starett (10) who used a somewhat different 
procedure for the hydrolysis of trigonelline and substituted mctol for aniline in 
the color reaction. These authors, whose subjects also were maintained on a 
basal diet, found no difference in the quantity of trigonelline excreted by smokers 
and non-smokers. 

It is generally accepted (11, 12, 13, 14) that administered pyridine Is not 
further broken down in the body but is detoxified by methylAtion and appc.irs 
in the urine iis a salt of 1 -methyl pyridinium hydroxide. Thus alteration of the 
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pyrrolidine component of the nicotine molecule would appear to be the most likely 
means of detoxication. Of the laige number of possible nicotine deiivativcs 
involving various stages of change of the pyrrolidine component, relatively few 
are susceptible of determination short of isolation and subsequent identification. 
To date, known analytical procedures for such substances in impure solution are 
limited to those in which the pyrrolidine component has been completely removed 
(pyridine) or reduced to a one carbon side chain (nicotinic acid cla«:s). 

As a starting point, therefore, we have administered nicotine to animals and 
examined their urine for pyridine derivatives involving maximal or near maximal 
degradation of the pyrrolidine component of nicotine, namely, f -mcthlj' pyridin- 
ium hydroxide and nicotinic acid and its metabolic end products, trigonelline 
and nicotinuric acid. 

Experimental Proceqore. Female dogs maintained on n constant daily ration of 
Purina Dog Chow were used in these experiments. Urine was collected at 24 hour intervals 
by catheterisation. Following the collection of 3 consecutive 24 hour control urines, 15 
hourly subcutaneous injections of a 2% solution of nicotine in the amount of 0 2 mg. per 
kg. each were given to each animal, tlie final dose coming 10 hours prior to catheterization. 
Two 24 hour collections of urine were made aubsequent to tlic nicotine administration 
period. 

An aliquot of the urine M-as analyzed for nicotine by a silicotungstic acid method (4). 
Nicotinic acid, nicotinuric acid and trigonelline %vcrc determined by the methodof 
Perhweig, Levy and Starett (10) and trigonelline and />mcthyl pyridinium hydroxide by a 
modification* of the procedure of Kodicck and Wang (15). All color intensities were meas- 
ured Bpcctrophotometrically. 

Results and discussions. The average results from experiments on four 
dogs are shown in figure 1. Of the average total of 28.35 mgm. of nicotine 
received by each dog only 2.G5 mgm. was excreted unchanged in the urine. The 
remaining 25.7 mgm. is equivalent to 21.7 mgm. of trigonelline, or 17 mgm. of 
i-methyl pyridinium hydroxide. Since there was no increase in the excretion of 
triponelline, this substance is obviously not an end product of nicotine detoxica- 
tion in the dog. 

The method of Kodicek and Wang, in our hands, is about one-fourth a.s sensitive 
to i-methyl pyridinium hydroxide as it is to trigonelline. Accordingly, had 
i-methyl’ pyridinium hydroxide been present in the urine following administration 
of nicotine, the apparent trigonelline excretion by the Kodicek method would 
have been considerably greater than that as determined by the Pcrlzwcig pro- 
cedure. Since this wa-s not the case, i-methyl pjTidinium hydroxide is apparently 
not an end product of nicotine detoxication. 

The nicotinic acid fraction (N.A.F.) as determined on unhydrolyzed urine by 
the Perlzweig method, expressed in terms of molecular equivalents of nicotinic 
acid, includes all free nicotinic acid, 50% of any nicotinamide present, 20% of 
any nicotinuric acid, 10% of any nicotine, and unknown percentages of other 
pyridine derivatives, should they be present. By acid hydrolysis, however, 

* Thia consisted primarily of substitution of a lead decolorization of the urine, similar 
to that used by Perlzweig, for the charcoal suggested by Kodicek, since all samples of char- 
coal tried by us adsorbed trigonelline. 
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nicotinamide and nicotinuric acid are converted to nicotinic acid, thereby in- 
creasing their contribution to the total color developed. Other unknow-n pyridine 
derivatives which might be present may or may not have their reactivity altered 
by tliis procedure. As a result of such alteration of chemical structure the N.A.F. 
acid hydrolyzed is greater in quantity than the N.A.F. unhydrolyzed. 

As seen from figure 1, the N.A.F. acid hydrolyzed, on the administration of 
nicotine, increased from a control level of about 0.6 mgm. per day to 3.3 mgm. 
This increase is not thought to he due to an increase in the quantity of nicotinic 
acid since trigonelline, the chief end product of nicotinic acid metabolism, is un- 
affected. Nor is it thought to be due to nicotinuric acid or nicotinamide, since 



Fig. 1. Influence of Nicotine Administration on the Excretion of Certain 
Pyridine Derivatives by the Dog 

Average of results on 4 dogs. An average total of ^28.35 mgm. of nicotine was adminis- 
tered to each dog on day 4. (P ) — rnethod of Perlzweig, Levy, and Starett. (/v) method 
of Kodicek and Wang. iV.A.f'. — nicotinic acid fraction. 

a corresponding increase occurred in the N.A.F. nithout hydrolysis (figure 1). 
Likevrise the quantity of nicotine excreted unchanged (2.65 mgm.) at a sensitivity 
of 10% could contribute only about 0.26 mgm. to the observed increase. Ap- 
parently then, although a substance which we have tentatively assumed to be 
the end product of nicotine detoxication in the dog appears in the N.A.F. as 
measured by the Perlzweig method, it is not identical with any of the known 
substances that we set out to measure. 

In a repeat experiment in which the urine of all four dog.s was pooled for 
analysis, 124.2 mgm. of nicotine was injected and 14.3 mgm. appeared unchanged 
in the urine. The N.A.F. acid hydrolyzed increased from a control level of 
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about 4.0 mgm. per day to 15.4 mgm. The N.A.F. unliydrolyzcd {showed a 
corresponding increase while the tiigoncllinc excretion was not significantly 
changed, confirming our previous results. 

Two additional obser\*ations have been made that give considerable specificity 
to this unknown substance appearing in the urine of the dog after nicotine ad- 
ministration, and permit its presence to be distinguished from that of other 
pyridine derivatives normally found in dog urine. With cyanogen bromide 
and metol nicotinic acid gives a yellowish color which exhibits a minimum 
transmittance at a wave length of 400 him. After acid hydrolysis, the urine of 
the dog following nicotine administration exhibited similar color changes. How- 
ever, when acid hydrolysis was omitted, a rose color, with a minimum transmit- 
tance at 495 m^ (figure 2), developed on the addition of cyanogen bromide alone. 
The addition of metol definitely altered tliis to a hue which absorbed at the 


S0\ 


so 



I 


its iSO *7S SM S!S SSO 

Wave tengtf>- mdkmtacns 

Fig. 2. Absouption Curve of Color Produced by Addition of CNBr to 
Unhydrolyzed Urine of the Doc Following Nicotine Administbatio.*! 

wave length of the nicotinic acid color. Nicotine itself, with cyanogen bromide 
and without metol, jields a greenish yellowish color. Wc believe this rose color 
developed by cyanogen bromide to be characteristic of the detoxication product 
of nicotine in the dog, since in our experience it has never been observed in the 
urine of dogs not receiving nicotine. 

The second obsen'ation that ser\'cs further to distinguish this substance is 
that simple boiling of neutral urine containing it destroys its ability to jdeld a 
rose color on addition of cyanogen bromide. 

CONCLUSIONS 

1. About 10% of nicotine given by subcutaneous injection to the dog is excreted 
unchanged in the urine. 

2. The remainder appears, at least in part, in the nicotinic acid fraction of the 
urine as determined by the method of Perlzweig, Levy and Starett. 
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3. The detoxified nicotine is not converted to i-metliyl pyridinium hydroxide, 
nicotinic acid, nicotinuric acid or trigonelline in measurable quantities. 

4. After nicotine administration, the urine of the dog yields a ro.se color uith 
cyanogen bromide. This property is lost if the urine has previously been boiled. 
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In the search for effective substitutes for lead and arsenic for the control of 
insect pests on fruit trees and vegetables, attention is being constantly directed 
to the use of organic compounds which are more toxic for plant insects and 
presumably less toxic for plants, domestic animals, and man. During the past 
several years considerable interest has been revived in the use of nitrophenols, 
particularly with 5-5-dimtro-O'cresol (apparently also knowm as /^-ff-dinitro-o- 
cresol). Although considerable studies have been reported on the insecticidal 
actuity of this compound (1), (2), (3), (4), (5), comparatively no information 
is directly available dealing Viith its toxicity for mammals, other than studies 
on its action as a metabolic stimulant (6), (7), (8). 

In view of the promising results obtained wth 5-5-dinitro-O'Cresol as an 
insecticide, the determination of the possible health hazards to domestic amraals 
and humans coming in contact i\ith it, either accidentally or intentionally, is 
especially important. Accordingly, studies have been made on the acute, 
faibaoute, and chronic toxicity of 5-5-dimtro*o-cresol after various routes of 
administration. 

- For this purpose studies were made on a pure sample of 5-5-dimtro*o-cresol, 
sodium salt, which was obtained from Eastman Kodak Company. 

ExPEniMENT.\L PROCEDURES AND RESULTS. Toxicitt/ after subcutaneous 
iujeclion. While handlers of dmitro-e-cresol will not be exposed to the drug by 
this mode of administration, there remains the remote possibilitj'^ that handlers 
^v^th open sores may be exposed to it either in the form of a spray or in more 
concentrated form. Accordingly the acute toxicity after subcutaneous adminis- 
tration was determined in 152 rats of different sex and weighing 100 to 125 grams 
each. The levels injected and the data obtained are summarized in table 1. 

In the rats that were injected with doses of 10 to 20 mgm. per kilogram no 
toxic ^TOptoms were observed. With doses of 25 mgm. per kilogram all the 
rats showed a moderate degree of hj-peractivity followed by depression and 
pyrexia. The average elevation in rectal temperature 1, and 2 hours after 
injection was 2, 4, and 3*C. respectively’. By the end of the fifth hour the 
temperature had returned to normal. All but four of the rats in this group 
simived and appeared perfectly normal 24 hours later. Rats receiving 30 to 
50 mgm. per kilogram all became depressed, dyspneic, and showed signs of 
nsphy.xial convulsions. The majority became comatose and died, irith rigor 
uiorlis setting in almost immediately following death. In rats receiving 50 
mgm. per kilogram, in addition to the above ^mptoms cyanosis and marked 
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edema of the tongue were invariably present. The minimum fatal dose (M.F.D.) 
which, killed any animal, was found to be 20 mgm, per kilogram. 

The toric effects after repeated subcutaneous injections %yere studied in 20 
rats weighin^^^roximately 100 grams each at the start. The rats were injected 
daily for a fjeriod of 30 daj-s. Urine was e-xamined at frequent intervals for 
sugar, albumin, and red cells. Hemoglobin and red blood cell count were deter- 
mined at the beginning of the experiment and again on the day following the 
last injection. Urinary findings were negative, and the blood picture of the 
experimental animals was not significantly different from the controls. None of 
these animals showed any toxic signs during the experiment, but showed a slight 
increase in body weight as compared with controls. The average increase in 
weight for the injected rats was 46% as compared to 42% for the controls. All 
the injected rats were autopsied and examined grossly and microscopically. 
No gross changes were found at the site of injection or in the viscera. 

For naicroscopic study the tissues were fixed in alcohol-formalin, embedded in 
paraffin and stained with hematoxylin-eosin. The following tissues were ex- 

TABLE 1 


Minimal fatal dose for rats given subcutaneous injections of S-S-dinitro-o-cresol, sodium salt 
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amined: urinaiy bladder, stomach, small intestine, kidney, liver, spleen, heart, 
and lung. On histological examination no significant pathohgica] changes were 
found. It appears, therefore, that no chronic systemic toxicity or cummulative 
action is associated uith repeated sublethal doses. 

Toxicity after oral administration. Sixty-nine male rats each weighing ap- 
proximately 150 grams were given single doses of dinitrocresol ranging from 20 
to 100 mgm. per kilogram by stomach tube. In rats receiving 20 mgm. per 
kilogram no toxic signs were observed. Rats recei^ng 30 mgm. per kilogram 
showed signs of depression, while those receiving the larger doses, 40, 50, and 
100 mgm. per kilogram, showed varying degrees of depression. All the rats 
receiving the larger doses developed marked dyspnea, cyanosis, and asph 5 'xial 
convulsions shortly before death, similar to those obsen’ed after subcutaneous 
administration of fatal doses. In table 2 are recorded the results of these ob- 
servations. The M.F.D. was found to be 30 mgm. per kilogram. 

The toxic effects of continued oral administration of dinitrocresol was studied 
in 75 young male albino rats of "Wistar strain, of approximately the same age and 
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weight. Two sets of feeding experiments were carried out. In the first series, 
which was started during the winter months, 9 groups of 5 rats each were used. 
One group ser\'ed as control, and was fed the basic diet which had the following 
percentage composition: yellow com meal 72, casein 10, linseed oil cake meal 
10, ground alfalfa 2, bone ash 1.5, sodium chloride 0.5, Brewers’ yeast 1, and 
cod liver oil (U.S.P.) 3. The remaining groups were given the same diet to 
which was added 0.00078, 0.00156, 0.00312, 0.00625, 0.0125, 0.025, Q.05, and 
0.1% 5-5-dinitro-o-cresol. In the second series, which was started in the spring, 
6 groups of 5 rats each were used. One group served as control and the other 
group.s were placed on diets contaimngO.00312, 0.00625, 0.0125, 0.025, and 0.05% 

TABLE 2 


Minimal fatal dose for rals given oral administration of S-S-dinitro-o-eresol, sodium salt 
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tab;le 3 

Effect of feeding S-d-dinilrO'O'Cresol to growing rats (lOS days) 
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dinitrocresol. In all cases the rats were allowed free access to food and water 
at all times. Food consumption and rats were weighed once each week, at which 
time careful observations were made as to the condition of the animals. Rats 
surviving on these diets after 105 daj's were autopsied and examined grossly and 
microscopically. 

The results on growth and food consumption on the two series of rats, started 
at different times of the year, were essenrially the same so that they may be 
considered together. 

In table 3 data on rat weights, food consumption, and drug consumption arc 
summarized. The growth of rats recei\ing 0 00078 to 0.00312% dinitrocresol in 
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the diet closely parallels the growth of the control rats. Food consumption in 
these various groups was not significantly different. In rats receiving 0.00025% 
dinitrocresol growth and food consumption were slightly greater than the con- 
trols. In rats sunuving on the diet containing 0.0125% dinitrocresol growth 
and food consumption were even greater than those of the previous group . With 
concentrations of 0.025%, growth was definitely inlribited in the survivors, 
although food consumption was greater than the controls. With concentrations 
of 0.05 and 0.1% rats failed to eat and died in two or three day's. 

At necropsy no gross changes were found. However, it is our impression that 
the skeletal tissues in some rats were stained yellow, particularly' in rats on 
diets containing 0.0125 and 0.025% dinitrocresol. Blood serum from these 
rats appeared yellow as compared to serum from control rats. Histological 
examination of the visceral organs showed no pathologic changes that could be 
ascribed to the drug. 

Toxicity after heal application. Since dinitrocresol is used in the form of a 
spray', there remains the possibility that it may have an injurious effect upon 
the skin and eyes of those not protected. Therefore, these effects were studied 
after cutaneous application to the intact skin of rats and rabbits, and after 
instillation into the conjunctival sac of rabbits. A 2% aqueous solution of 
dinitrocresol was applied daily for 30 days to the depilated dorsal surface of 10 
rats and to the depilated ventral surface of 6 rabbits. In all animals so treated 
there were no signs of local irritation or systemic effects. Eats were weighed 
at the beginning of the e.xperiment and again on the last day of the experiment. 
Their weights were comparable to those of the untreated controls. 

Since no local or sy'steraic effects were demonstrable after cutaneous application 
to rats and rabbits, we decided to try' this on humans. Accordingly, in two 
human subjects a 2% aqueous solution of the drug was applied daily’ to the shaved 
arm pits and to the anterior cubital surface of each arm for 30 days. Careful 
observations were made as to subjective and objective symptoms during the 
course of application. No local irritating effects were observed on either sur- 
faces, and no systemic effects were apparent. 

Instillation of 5 drops of a 1% aqueous solution of dinitrocresol into the con- 
junctival sac of 6 rabbits at half-hour inter\'als for 6 hours did not produce any 
visible signs of irritation either during instillation or 24 hours later. 

Effect on oxygen consumption, respiration, and circulation. The action of dinitro- 
cresol on oxygen consumption, respiration, and circulation was studied in dogs 
under barbital anesthesia. Oxygen consumption was recorded by the method 
described by' Jackson (9), respiration by' means of a pneumograph attached to a 
recording tambour, and blood pressure in the usual manner with a mercury 
manometer attached to the carotid artery' through a cannula. 

In one series of experiments the drug was injected intramuscularly’ in do^ 
of 5 to 25 mgm. per kilogram in 10 dogs, and in another series it was injected 

intravenously' in doses of 0.5 to 2 mgm.pcrkilogram in 6 dogs. In 8 dogs reecn- 

ing 10 mgm. per kilogram intramuscularly' the results were essentially the same a-? 
those shown in figure 1. Fifteen minutes after the injection oxygen con.-umption 
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increased 100%, accompanied by a simnUancous increase in both rate and depth 
of respiration, with no apparent effect on blood pressure, heart rate, or body 
temperature. During the folloninR 20 minutes oxj'gen con.sumption mcrca.sed 



Fjo. 1. ErrccT or S-S-Djnitro-o-crcsol on Oxygen Consumption, Kespjration 
AND Blood PnEssrnn afteii Intramisci'lar Administration 


Dng, 23 6 kipD., o', barbital, 250 mgm per kilogram intravenously. From above down- 
ward record shows o\ygen consumption, respiration, respiratory rate per minute, carotid 
arterial pressure, pulse rate per minute, rectal temperature in degrees centigrade, and time. 
At arrow 10 mgm of dniitrocresol per kilogram was injected intramuscularly. Death 
occurred at end o( Tocor<i. 



200% followed by a further increase in rate and depth of lespiration. Ihood 
pro-SNine lemaincd unchanged, heart rate inciea-scd slightly, and body tempera- 
lute inerca.‘<ed l.S^C. During the following 20 minute period there wa.s a fuithcr 
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increase in ox 3 'gen consumption (300%), rate and depth of respiration, heart 
rate, and bodj' temperature. Blood pre.ssure, which had remained nearly con- 
stant up to this time, began to fall gradual!}’ and per.sistentlj', and continued 
to do so until the dog died. The changes shown in figure I are typical of those 
seen in all other dog.s, with the exception that in some animals there was a slight 
rise in blood pres.sure shortly before the fail began. In 8 dogs receiving smaller 
or larger doses, the intensity and duration of action appeared to be proportional 
to the dose. iVone of these effects w'cre obsenmd with doses below 5 mgm. per 
kilogram. 

After intravenous injection of 2 mgm. per kilogram a sudden increase in oxygen 
consumption, and rate and depth of respiration invariably occurred. Smaller 
dcses had no pa: ticular effect on these functions. On blood pressure doses as 
low as 0.5 mgm. per kilogram caused a slight fall, followed by a rise, and a gradual 
return to the normal level. In doses of 1 or 2 mgm. per kilogram the intensitj' of 
effect on blood pressure appeared to be proportional to the dose. In figure 2 
are shown the effects on blood pressure after the intravenous injection of 0.5, 
1, and 2 mgm. per kilogram. Three mgm. per kilogram invariably proved fatal 
within 10 minutes, after profound stimulation of respirator}' functions. 

SUJt.\tARY AND CONCLUSIONS 

Data are presented on the general and local effects of S-o-dinitro-o-cresoI in 
experimental animals after various modes of administration. 

The M.F.D. for rats wa.s found to be 20 mgm, per kilogram after subcutaneous 
injection, and 30 mgm. per kilogram after oral administration. 

Repeated subcutaneous administration of subletha) doses (IS mgm. per kilo- 
gram) in rats did not have any demonstrable effects on the animals’ general 
condition or blood picture. 

Chronic feeding e.vpcriments on white rats were made with S-o-dinitro-o-crcsoi 
in concentrations of from 0.00078 to 0.1% in the diet over a period of 105 days. 
Concentrations of 0.00078 to 0.00625% did not apprcciabl}' modify growth or 
food consumption of young rats maintained on these diets. In concentrations 
of 0.0125%, the drug was lethal to 60% of the animals, while growth and food 
consumption of the survivors were greater than that of tlic controls. First 
definite inhibition in growth occurred on the diet containing 0.025%, althougli 
food consumption of the surv'ivors was greater than that of the controls. Con- 
centrations of 0.05 and 0,1% were lethal. 

Repeated injections of sublcthal doses subcutaneously in rats, and repeated 
cutaneous application to the intact skin of experimental animai.s and humans 
failed to .show any .signs of irritation or inflammation. Xo indications have been 
found that absorption from these surfaces induces chronic poisoning, although 
it is well established that nitrated phenols are capable of being absorbed through 
the skin. 

At necropsy, and on histopatliologieal e.x'aminafion, the tissues of all rat.~ 
receiving the drug subcutaneously or orally for 30 days or more failed (o show 
anv cbaracteri.stic lesions that could be a.seribed to tlic ding. 
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Intramuscular administration of doses as low as 10 mgm. per kilogram in 
dogs progressively increased oxygen consumption, rate and depth of respiration, 
and body temperature. Blood pressure was not materially affected until just 
before death. After the intravenous injection of 2 mgm. per kilogram the 
onset of stimulation of the respiratory functions was more rapid. On blood 
pressure, doses as low as 0.5 mgm. per kilogram produced a slight fall, followed 
by a rise and gradual return to normal. With doses of 1 and 2 mgm. per kilo- 
gram intravenously the intensity of effect on blood pressure appeared to be 
proportional to the dose. 

Dinitrocresol in lethal concentrations after subcutaneous, intramuscular, 
oral or intravenous administration produces an acute toxemia characterized 
by increased rate and depth of respiration, hjTierpyrexia, and by rapidly de- 
veloping cardiac and respiratory failure, with rigor morlis setting in almost im- 
mediately following death. 

I wish to acknowledge the assistance of the Department of Pathology for 
preparation of the microscopic sections and to Doctor A. J. Miller, Professor of 
Pathology, for the histological studies herein reported. 
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This report deals with the chemical and pharmacological properties of throe 
homologous series of ^-alkyl-S.^-diliydroisoquinolinium chlorides substituted in 
the 6 and 6,7 positions with hydroxj’, methoxj’ and ethoxy groups. A previous 
paper was concerned with the corresponding derivatives of /,;?,S,.^-tetrahy- 
droisoquinoline hydrochloride (1). The two groups of compounds are related 
sfincturally as follows; 


CHj 

r/N/ \ 


CH, 


CH 


n: 


.R" 

'Cl 


R'i 


R! 


CH. 

•/\/ \ 

CHj, 
I^R" 
N— H 
\/\ / Cl 
CH. 


2-Alkyl-S ,4-dihydroisoquinolinium 2-Alkyl-J ,2 ,S ,^-tetrahydroisoquinoline 
chloride hydrochloride 


J? and E' are hydrogen, hydroxyl, methoxyl and ethoxyl. R" is an alkyl group. 
The above dihydro- compound is, of course, a quatcniary ammonium salt, while 
the tetrahydro- compound is the hydrochloride of a tertiarx’ amine. 

The pharmacological properties of the 2-methyl-(J,7-dimcthoxy-S,jj-dihy- 
dvoisoquinolinium chloride, known clinically as Lodal, were thoroughly studied 
in comparison xrith hydrastinine and cotarninc and tlie corresponding tetrahy- 
droisoquinolines by Laidlaxv (2). The 2-metliyl'^,7-dihydroxy-S,4-dihydro- 
deiivative has been studied for its antispasmodic activity In frogs and rats (3). 

Expeiumental. 1. Chemistry. The dihydroisoquinolinium chlorides were 
prepared by the action of silver chloride on the corresponding iodides in aqueous 
solution. The iodides were obtained by the addition of the alkyl iodide to a 
benzene solution of the alkoxy dihydroisoquinoline base. The preparation and 
properties of the dimethoxy iodides has been described by Buck and Ide (-1) , with 
the exception of the B-mcthyl compound described by Spiith and Epstein and 
others (5). The other dibydroisoquinolinium chlorides were prepared in a simi- 
lar manner from S-methoxy- (6), S-ethoxy- (7), and S,.^-dicthoxy- (7) -phen- 
ethjdamincs. 

Demethj-lation to the corresponding hydro.xy and dih.x droxy compound.s wa^ 
carried out as previously described (4). 

Difficulty was experienced in drying many of the hydrochlorides and melting 
points vary somewhat with conditions (dryness, etc.). Those given are therefore 
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to be consideicd as approximate. -Many of the salts show strong bluish-white 
fluorescence in aqueous or alcohoUc'solution. 

11. Toxicity. The methods used for the determination of the LD 50 for albino' 
mice were described previously (1). 

TABLE 1 


Dthydroitoquindinium chlorides 








ANALYSES 




KO. 

SUBSTITUENT CaOVTS 

ArPEAiavcT 

MP. 

TOauuiA 

Caled. 

Found 

BE- 
Cl VST. 

CENCE 






C 

H 

C 

H 




•C. (wrr.) 



% 

% 

% 



7M 

f-MethyM.r- 
dihydroay (8)* 

Light yellow ponder 
(slender priama) 

275* 

CuTTiiOjNCI 

S6.19 

5 67 

56 39 

5 90 

51 Et 

- 

766 

2-Elhyl-6.7- 
dibydrovy (8) 

Light yflloA'anaU 
glittering leAves 

204* 

C,iH„0,fia 

51 0) 

8 SO 

».I9 

i SO 

AE 

-- 

767 

f-n-Propyl*6,7- 

dihydrovy 

YeIIow-oc)ier clurapa 
of thiek plates 

232* 

Ci.HirOiNCI 

59 60 

6.67 

59 97 

6 79 

AE 

- 

76S 

2*Ieopropyl-fl.7» 

dihydroxy 

Light yelloa* slender 
meshed needles 

232 5* 

CitllirOiKCl 

S9.60 

6.67 

59.73 

6.82 

AE 

- 

709 

i-n-But>M.7- 

dihydroxy 

Idght yellow small 
silky leaves 

1W.5* 

CuHiiOtN'Cl 

61.03 

7.10 

61.18 

7.21 

AE 

“ 

770 

6-n-AmyM.7. 

dihydrozy 

Yellow tiny shining 
testes 

173 5* 

CiiHnOiKCl 

fl.31 

7.48 

62.59 

7.82 

AE 


771 

y.IioamyM, ?• 
dihydroxy 

Dull yellow felted 
needier 

203* 

CiiHwOiNCl 

62.31 

7.48 

62 90 

7.34 

AE 

“ 

7S0 

<-MethyM,7> 
dimethexy (5)1 

Light yellow tiny 
plates 

i5s*i: 

CmHwO.NCI 

59 60 

6 67 

59,76 

6.89 

AE/t 

+ 

751 

f-Elhyl-6.f- 

dimclboxy) 

Small white needles 

m* dec 

CuHiiOiNCl 

61.03 

7. 10 

61.16 

7.19 

AE/S 

+ 

753 

2-n.PropyW,7- 

dimethoxyf 

Cream-colored clumps 

in* dee 5 


63.31 

7 48 

62 18 

7 77 

AE 

+ 

753 

f-TxopropjW.f- 

dimethoxy 

Small white powderv 
needles 

163* dec 

Ci.H»0»NCt 

62 31 

7.48 

62 39 

7 6C 

AE 

+ 

7M 

*.n.Butyl-6.7. 

dimethoxy 

Pale yellow clumps 
of priaras 

169* dec ] 

ChBrOiS'CI 

63 46 

7.82 

63 72 

8 09 

AE 


755 

2-n.AmyM.7- 

diroetboxy 

Paint yellow small 
needle prisma 

H3* 

Ci.IIj.O.NC1 

64.51 

8 13 

64.59 

8.35 

AEB 


755 

2-laoamyM.7- 

dimethoxy 

Light yellow prism 
aggregates 

I6«*decD 

CwnfOiN'ci 

64.51 

S 13 

64.62 

8.31 

AEB 

■b 

71S 

2-51e{hjM.7. 

diethoxy 

Small leaves, part 
white, part yellow 

ISO* dec II 

Ci.IInOiNCl 

82 31 

7 48 

82 27 

7.61 

AE 

+ 

746 

2-5IethyM. 

methoxy^ 

Almoet white amall 
glitteiing leaves 

J37*J 

CiiHiiONCl 

62.33 

6 87 

62.72 

6.69 

AE 

” 

747 

2-MeihyM-«tho*y 

While felted needles 

ISO'J 

CiiHwON'CI 

63.84 

7.15 

63.94 

7.61 

BuE 

— 

749 

i-n-ButyM-cthoxy 

Almoet white rounded 
prisms 

Soft 64* 
Flow 76* 

CuHuON'Cl 

67 27 

8 29 

67.33 

8 42 

BuE 



* Akat>ori prepared this from hydrsaCinine (M p . 27C*) (9). 

t A, sbfiolutp aJeohol; cihjl acetate; Bu, butanol, B. benzene, E, etber, absolute; M, methanol 
{This IS Lodal (ckloridel (10. 11) 
i Prepared in another way by Pytnan (12) 

T Iodide prepared by GuUand and Virden (13) 

II Dried 12 hours at 100*C in vacuo; the others dried m lacuo at room temperature. 

In general, the 2-alkyl-5,4-dihydroLsoquinolimum chlorides described in this 
paper were of the same order of toxicity as the ;?-alkyl-/ jSjSj^-tetrahydroi.'so- 
quinolino hydrochlorides (1). Likewise, the slopes of the dose-response curves 
wcie very steep. 

It was found that the d,7-dihydro.’o*-5,4-dihydroisoquinolinium chlorides 
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were less toxie than the corresponding 6 ,7-diniethoxj’ compounds, resembling in 
this respect the 2-alkyl-l ,2,S,4-tctrahydroisoquinoline hydrochlorides (1). 
However, no progressive increase in toxicity accompanied the lengthening of the 
5-alkyl chain with either the dihydroxj' or the dimethoxy compounds. 

As with the 5-alkyl-7 ,5,S,4-tetrahydroisoquinoline "hydrochlorides (1), the 
presence of 6 ,7-dihydroxy groups was associated with the production of .sympa- 
thomimetic sjTnptoms in albino mice. However, there seemed to be less pilomo- 
tor activity and more salivation with the S ,j(-dihydroisoquinolinium chlorides. 
In this connection, salivation was easier to detect with the latter compounds 
owing to the fact that they imparted to the saliva their brilliant yellow color. 
As evidenced by the color, they were also exereted in the urine. The 5-alkyl- 
5,7-dihydrox}’-^ ,2,5,.^-tetrahydroisoquinoline hydrochlorides (1) did not pro- 

TABLE 2 


Relalti'C toxicological effects of S-alkyl-S,i~di1iydroisoquinolinium chlorides on albino mice 


J<0. 

StTBSTlTOTST CIOUPS 

MOIXCD. 

WtlCHT 

tn 50 

StO?E 

uum 

or 

ZXBOK 

POO- 

MOTOK 

ETTECTS 

IJCOPHTHAUIOS 

SAUVAT10^ 

TIEU- 

0X5 




msm./ 










htm. 







765 

5-Mclhyl-^, ••dihydroxy 

213.6 

120 

47 

95-104 

Slight 

Slight 

Moderate 


765 

••dihydroxy 

227.6 

116 

21 

93-107 

Eliitht 

Moderate, brief 


Fine 

767 

f .n-Propyl«6, ••dihydroxy 

241.6 

134 

19 

94-107 

Slight 

Moderate, brief 

Moderate 

Fine 

76S 

f«I>opropyM, 7*dihydroxi‘ 

241.6 

109 

23 

93-lOS 

Sllsbt 

Moderate, brief 

Moderate 

Fine 

769 

^•n-Butyl*6, T-dibydroxy 

255.6 

179 

IS 

M-IM 


Moderate, brief 

Moderate 

Fine 


#-n-Anjyl*6, ••dihydroxy 

269.6 

129 

34 

95-105 


Moderate, brief 

Moderate 

Fine 

771 

jf-Isoamyl-d, 7-djbydroxj* 

269.6 

170 

13 

SS~tl3 


Moderate, brief 

Moderate 

Fine 

750 

f-Mcthyl-6, r-ditnethoxy 

241.6 

92 

9 

90-in 

Slight 

3farXed, brief 



751 

?-Elhyl*6, ••dimethoxy 

255.6 

99 

15 

92-109 


Slisht 


Fine 

752 

J-n-Propyl-6, •-dimethoxy 

269.6 

73 

2» 

93-103 




Fine 

753 

5-lsopropyl-6,7-dimcthoxy 

269,6 

86 

31 

94-106 




Fine 

754 

5-n-Butyl-6,7-dimetboxy 


126 

25 

95-105 




Fine 

755 



105 

42 

95-104 




Fine 

756 


297,7 

130 

34 

95-104 




Fine 

74S 

f -5! et hy 1-6 , 7*diethoxy 

269.6 

124 

17 

94-105 





746 

f-Meihyl*6-methoxi* 

211.6 

166 

33 

96-104 

Slight 



C<jsr«e 

747 

f-Metbyl-6-ethoxy 

225.6 

184 

39 

95-105 

Slight 

Slight 



749 

f-Butyl-6-«thoxy 

287.6 







. 


duce tremors whereas fine tremors were generally observed with all of the S ,4- 
dihydroisoquinolinium chlorides regardless of whether they contained hydroxji 
groups or not. jMethoxj' and etho.vy derivatives were alike in both the 1 ,2,3,4- 
tetrahydroisoquinoline hydrochlorides and in the S,4-dihydroisoquinolinium 
chlorides in their lack of sympathomimetic properties. 

A brief series of comailsive hops and symptoms of rcspiratoiy failure were 
obseiwed shortly before death in alt cases. 

111. Circulatory effects. The general circulatory effects are summarized in 
table 3. The methods used were presented in a previous report (1). 

Among the 6, 7-dihydroxy derivatives, the compounds with short carbon 
chains on the nitrogen were predominantly pressor while those with long chains 
were depressor. There was a gradual change from pure pressor to pure dcprc.--or 
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wth the lengthening of the carbon chain. Among the dimethoxy derivatives, 
only the ^-methyl compound was pressor; the longer chain derivatives were de- 
pressor. It is of interest that whereas the ^-methyl derivative w'as a pure short- 
acting pressor agent, as Laidlaw obser^'cd (2), the corresponding ff,7-diethoX5' 

TABLE 3 


Relative effects of S-alkyl‘S,4~dihydroisoquinoUnium chlorides on blood pressure, respiration 
and pulse 






BLOOD PtESSOlC 


ErfECT 

E freer 

ErrecT 




euBSTirrENT etoers 













PULSE 






Pura- 

tion 










Cbaage 



D«V 

FINE 

rntiNE 







nm. 

Bt. 

Miaafri 







7M 

i-Urthyl-e, 7-dihydroxy 

.008 

l.7t 


P 

12 



0 



D 


D 



.084 

13 88 



20 


10 







766 

f-Ethyl-ff 1 7.dihydraty 

.008 

1 82 


P 

8 


5 

0 



S 


D 



.064 

14. S8 



35 


12 







767 

f-n-Propi 1-8. 7-dihy- 

.003 

1.63 


P 

12 


2 

D 



S 




droxy 

.084 

IS 46 


P 

I( 


5 







76S 

f-lMpropyl-8,7-djhy- 

.003 

1.63 


P 

U 


« 

0 



s 




dreay 

.084 

15.48 

i 10 

P 

12 

1 

5 







789 

»-n-BulyW,7-dihy- 

.003 

2.04 


P 

10 


a 

0 



s 




droxy 

064 

18.38 

d30 

P 

13 

1 

10 







770 

f.ii-AinyM,7-diby 

.003 

2.16 

d to 

P 

2t 

1 

10 








droxy 

.084 

17.24 

d35 



20 








771 

8-I«easiyl-8,7-dibv- 

.008 

2.18 

dlO 



1 









droxy 

.084 

17.24 

d40 



1 








760 

f.MethyM.rHji. 

.004 

.68 


P 

18 


1 

0 

0 

D 

D 

1 

D 


mslhoiy 

.018 

3.88 


pile 


5 







78J 

f-Ethyl-d, 7-dimethoxy 

.003 

2 04 

pl7 

d 

to 

> 

5 

0 

0 

0 

0 

0 

D 



.084 

18.39 

p 40 

d 

35 


20 







78J 

<-n-PfopyM.7-di- 

.008 

2.18 

d 10 



1 


0 




0 



oicthoiy 

064 

17 24 

d80 



12 








753 

8.ItopropyM, 7*di- 

.003 

2.16 

d 10 



2 


0 



0 

0 



methoxy 

.084 

17.24 

dSO 



20 








7M 

5-n-ButyM, 7-di. 

.008 

2.27 

d25 



2 


0 


0 

0 

0 

D 


metbozy 

.03J 

9.08 

d43 



20 








753 

S-n~Amyl-e, 7-di- 

003 

2 33 

d30 



2 


0 

1 

0 

0 

0 

T> 


methoxy 

.032 

6.32 

dsa 



20 








756 

f-IsoamyM, 7-di- 

008 

2.33 

d2S 



2 


0 

I 

0 

0 

0 

D 


met boxy 

.084 

19.04 

d70 



10 








74S 

f-Methyl-ff, 7-di«thoxy 

.009 

2.18 

d 14 



20 


0 

0 

0 

5 

0 

0 



.037 

8.84 

d20 



60 








748 

i-Meibyl-e-methoxy 

.003 

1.69 

d49 

p 

46 

1 

2 

0 

a 

0 

S 

I 

D 



.032 

6.78 

d40 

P 

62 

1 

6 







747 

f-M«thyl-8-<lhoxy 

.003 

1 so 

dl8 

P 

21 

1 

t 

0 


0 

s 

I 

D 



.032 

7.22 

dI8 

P 

5! 

1 

4 







749 

f-n-Butyl-6-ethojy 

.004 

1.07 

d47 



1 


0 


0 

s 

0 

D 



.032 

8.58 

d24 



IS 









d, depressor, a, aboluhed depressor: •pt pressor; D, decrease; I, increase; S, seuitized; 0, no ebante. 
Each compound was tested on t«o don 


derivative had long-lasting depressor effects. The ff-metho\y and d-ethox>* 
derivatives had cither biphasic depressor-pressor actions or were purely depres- 
sor. In general, it would be difficult to distinguish the qualitative blood pressure 
effects of the dihydroisoquinolinium salts from those of the corresponding tetra- 
h 3 -droisoquinolines (1) except in certain individual caf^cs. The dihydroxj’ dihj'- 
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droisoquinolinium cUorides were somewhat' shorter-acting and less potent 
pressors than the tetrahydro analogs. The 2-methyl-f7,7-dimetlio.w-5,.^- 
dihydroisoquinolinium salt (Lodal) was pressor whereas the corresponding Ictra- 
hydroisoquinoline derivative was depressor. Among the depressor agents, there 
was little to distinguish among the analogs except in the length of action with 
large doses. 

None of the dihydroisoquinolinium salts showed tachyphylaxis as evidenced 
by the paired dose responses. Vagotomy had no effect on the responses of the 
pressor compounds but it enhanced the response of .several of thedepressoragents, 
apparently indicating a central vagus depressant action. The initial depressor 

TABLE 4 


Effects of 3-alkyl-S,i-dihydroisO(iuinolinmm chlorides on lone of isolated smooth muscle 


KO. 

STIBSimUlKT CHOUPS 

CONCENT*AnON 

mSATH 

' lABBIT 
jntestdte: 

JtASSfT 

VTttVS 

oiW£A nc 
tJitws 

i .vraotaoy 
TESTS 

76S 

2-MethyI-6, 7-dihydroxy 

milli’motaf 

0.H).2 


+ 

•f 

3 

766 

5-Ethyl-6, 7-dihydroxy 

0.1-0.2 


+ 

4* 

3 

767 

2-n-Propyl-6, 7-dihydro.xy 

0.1-0.2 

-f 

4' + 

4- 

3 

76S 

2-Isopropy 1-6 , 7-di hy d roxy 


-f + 

+ 

4* 

5 

769 

S-n-Butyl-6, 7-dihydroxy 


■f 

4* 

+ + 

4 

770 

2-n- Amyl-6 , 7-dihydro.xy 

0. 1-0.2 

+ + 

+ -h 

+ + 

4 

771 

£-Isoamyl-6, 7-dihydroxy 

0.1-0.2 

+ i 

-h-h i 

-1- + 

5 

750 

£-McthyI-6,7-dimetho.xy I 

0.2-0.4 


+ 


5 

751 

2-Ethyl-6,7-diniethoxy 

0.2-0.4 

1 

+ 

4- 

5 

752 

£-n-Propyl-6, 7-diracthoxy 

0.2-0.4 

— 

-h + 

+ + 

5 

753 

£-IsopropyI-6, 7-dimetboxy 

0.1-0.2 

(+ -) 

+ -i- 

4- 4* 

4 

754 

f-n-Butyl-e, 7-diraethoxy 

0.1-4).2 

(+ -) 

-f- + 

4- ^ 

4 

755 

£-n-.Amyl-6,7-dimcthoxy 

0.1-0.2 

(+ -) 

+ + 

+ + 

5 

756 

£-Isoamyl-6,7-dimethoxy 


(+ -) 

+ + 

-f + 

5 

748 

£-MethyI-6, 7-diethoxy 

0. 1-0.2 

- 

4" 

+ + 

4 

746 

S-Methyl-6-mcthoxy 

0.2-O.4 

(4- -) 

4* 

+ + 

5 

747 

5-Methyl-6-cthoxy 

0.2-0.4 

(+ -) 

4“ 

-f-b 

■i 

749 

£-Butyl-6-etboxy 


(+ -) 

+ + 

4- 4- j 

4 


moderate decrease; , marked decrease; -f, moderate increase; + +, marked in- 


crease; (-h — ), increase or decrease. 

phase of several of the biphasic compounds was abolished by vagotomy, appar- 
entlj' indicating a centra! vagus stimulating action. Atropinization usually had 
no influence on the response of the compounds. 

The epinephrine response was usually sensitized by the pressor substances 
whereas it was usually unaffected by the depressor compounds. Tlic dcprc.s>or 
agents among the dihj’droisoquinolinium salts did not have the epinephrine 
inhibiting properties of the analogous tetrahj'droisoquinoline derivatives (1) or 
the adrenoK’tic properties of the unsubstituted homologous tetrahydroisoqumo 
line derivatives (14). 

Respiration was u.sually unaffected by these compounds. 














DtHYDROISOQUINOUNTUM CHLORIDES 


257 


The pulse rate vras usually unchanged, but was slowed by an occasional com- 
pound. 

IV. Smooth muscle effects. The relative qualitative effects of the present series 
of isoquinolines on smooth muscle as observed on isolated tissues (1) are recorded 
in table 4. 

It was obsen’ed that the dihydroxy derivatives consistently stimulated the 
intestine; several of the dimethoxy derivatives relaxed this tissue and the remain- 
der had mixed stimulating and depressing actions. The corresponding tetra- 
hydro- analogs were consistent depressors of the intestine (1). All of the 3,4- 
dihydroisoquinolinium salts as well as their tetrahydroisoquinoline analogs (1) 
stimulated both the rabbit and guinea pig uteri. 

SUMMARY 

The chemical and pharmacological properties of three homologous series of 
;?-alkj’l-5,4-dihydroisoquinolinium chlorides substituted in the 6 and 6,7 posi- 
tions wth hydroxy, methoxy and ethoxy groups have been studied. These 
£-alkyl-S,4-dihydroisoquinolimum chlorides were of the same order of toxicity 
as the corresponding 2-alkyl-i ,2,S,4-tetrahydroisoquinoline hydrochlorides. 

Among the dihydroxy derivatives, lengthening of the carbon chain attached 
to the nitrogen converted the pure pressors into depressors. \Vith the exception 
of the pressor ^•methyl-(?,7-dimethoxy derivative (Lodal), the methox>' and 
ethoxy derivatives were predominantly depressors or biphasic depressor-pressors. 
No evidence of tachyphylaxis was obtained. 

Vagotomy had no effect on the pressors; it sensitized some of the depressors; 
and abolished the depressor phase of some of the mixed-acting compounds. 
Atropine usually had no effect. 

The epinephrine response wa.s usually enhanced by the pressors but unaffected 
by the other compounds. 

The respiration and pulse rate were usually unaffected. 

The dihydro.xy derivatives .stimulated the intestine while the remaining deriva- 
tives either stimulated or depressed. The rabbit and guinea pig uteri were 
stimulated by all the compounds. 
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This report deals with the general toxicological, circulatory and smooth mus- 
cle effects of a series of S-methyl-S, 4-dihydro- and 5-methyl-/ ,2, S,4-tetrahy- 
dfoisoquinoline derivatives, substituted in the 6,7 positions by dihydroxy, 
methjdenedioxy or dimethoxy groups, some in addition carrjdng 2-methyl or 
2-dimethyl groups. These isoquinoline derivatives may be considered to be 
related to ^-phenylisopropylamine, as shotm by the following formulae, the 6,7 
positions being occupied by two hydroxj'^ groups, two methoxj'' groups or one 
methylenedioxy group; 


CHj 

- 3ch— CH, 

\y\t/ '^ci 
CH 

I 

S-Methyl-S , 4-dih)'dro- 
isoquinoline hydrochloride 

CH: 

/•x/ \ 

• ■■ CH— CH, 

N— H 
\/\ / ■^ci 
> CH: 

HI 

5-Methyl-/ ,2,S,4-tetrahydro- 
isoquinoline hydrochloride 

CH: 

'^CH-CH, 

l/CH, 

N— CH, 

/ -^ci 

CH: 

VI 

2 ,2 ,S-Trimethyl-/ ,2 ,5 ,4-tetrahydro- 
isoquinolinium chloride 


CH: 

'^CH— CH, 

1/CH, 

II 

.2 ,S-Dimethyl-5 ,4-dihydro- 
isoquinolimum chloride 

CH: 

'^CH-CH, 

Ad"’ 

/ -^ci 

CH: 

IV 

2,5-Dimethyl-/ ,2,5, 4-tctrahydro- 
isoquinoline hydrochloride 


CH: 


/ V \ 


V 


CH— CH, 

N— H 
\-H 
Cl 


5-PhenylisopropyIaminc 

livdrochloridc 


25S 
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Compounds of type III may be regarded as the hydrochlorides of sccondarj* 
amines; compounds of types I and IV as the hydrochlorides of tertiarj* amines; 
and compounds of types II and V as quatemarj* salts. 

The series, synthesized by Ide and Buck (1), was made in order to study the 
influence of the S-methyl group on the pharmacological properties of isoquinoHne 
derivatives. Wo have prenously reported on the analogous isoquinoline de- 
rivatives unsubstituted in the 3 position (2, 3 & 4). 

Experimental. I. Toxicity. The relative toxicity values and symptoms in 
albino mice obtained by methods previously described (6) arc recorded in table 1. 
The secondary tetrahydroisoquinoline compounds were least toxic and the 

TABLE 1 


Relative iorietty and symptoms of 3-metkyl-S,4‘dihydrO' and S-methyl-1 ,S,S,4•telrahydroiso- 
quinoline denvatives 


... 

COM- 

POCND 

TVPS 

SraSTITVENT 
ctoOT i» e,7 
rOSITtO.*! 


U JO 

siorc 

UlOTS 

or 

EltOft 

roouoTox 

ErrxcTt 

EXOPHTSAl.- 

UOS 

SALIVA- 

TION 

ntuois 







ferttiU 





898 

in 

Dihydroxy 

213.8 

430 

15 

91-119 

Moderate 

Moderate 

Oecuio- 











nat 


787 

in 

Methyl- 

227.8 

m 

40 

97-103 


Pronounced 


Intermittent 



cnedioxy 









79S 

111 

Dunethoxy 

243 8 

272 

83 



Bnef 


Conne 

898 

1 

Dlh>droxy 

213 8 

169 

17 

94-107 





784 

1 

Methyl- 

223 8 

73 

40 

07-103 


Moderate 





enedioxy 









792 

I 

Dimethoxy 

241.8 

120 

i$ 

93-107 


Brief 


Coarse 

899 

IV 

Dibydroxy 

229.8 

127 

IS 

91-109 

Sligbl, brief 

Slight, bnef 



788 

IV 

Methyl- 

241 8 

80 

IS 

90-111 

Slight 

Pronounced 





eaedioxy 









797 

IV 

Dimcthoxy 

271.6 

32 

49 

93-103 


Brief 


Coane 

897 

n 

Dihydroxy 

227.6 

67 

17 

93-107 


Slight, brief 



784 

n 

Methyl- 

239 8 

80 

20 

94-108 


Moderate 





enedioxy 









793 

n 

Dimethoxy 

235 6 

30 

29 

98-104 


Brief 



900 

V 

Dihydroxy 

243 8 

U 

8 

83-118 

Sloderate, 

Slight, brief 









bnef 




790 

V 

Methyl- 

233.8 

28 

79 

96-105 


Pronounced 





enedioxy 









789 

V 

Dimethoxy 

271.6 

37 

43 

97-103 

.Slight 

Bnef 


Occaaionat, 













Roman numerals refer to compounds the forrouUe of which are giren in the introduction. 


quaternary dihydro- and tetiahydroisoquinolinium chlorides were most toxic, 
the substituents on the d , 7 positions having much less effect on relative toxicities 
than the substituents on the nitrogen. The hydioxy derivatives were least 
toxic among the secondary and tertiarj' amines but not among the quaternary 
salts. 

However, the symptoms observed in the mice were more closely associated 
with the 6,7 position substituents than with the nitrogen substituents. Al- 
though pilomotor effects were observed only with occasional compounds, ex- 
ophthalmos was most pronounced nith the inethylenedioxy derivatives while 
tremors were noted mostly with the dimctho.xy compound.s. 
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A brief period of respirutorj' distress and short convwlsivc hops preceded death 
in all cases; however, the convulsions appeared to be less severe and of shorter 
duration with the quaternar>’ compounds than with the tertiaiy. Thus these 

TABLE 2 


Rclaltvc effects of S-meihyl-S, 4-dihydro- and 3-mcthyl-l,2,S,4-tctrakydroisogti!noi;nc dcrira- 
tires on circulation, respiration and pulse 
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2 
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u 
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89S 

in 

Dihydroxy 

.008 

1.72 

d 10 p 10 

<1 

1 

0 

0 

0 

0 

I 

D 




.064 

13. 8G 

d20 p3C 

<1 

10 







787 

HI 

Mclhylencdioxy 

.008 

1.82 

d U p 13 

<1 

10 

d 

0 

0 

D 

I 

D 




.064 

14,56 

d 50 

00 








795 

III 

Dimethoxy 

.004 

.97 

d 5 p IS 

<1 

5 

0 

a 

0 

S 

I 

0 




.032 

7.78 

d 30 p 10 

<1 

S 







896 

I 

Dihydroxy 

.008 

1.71 

d 6 p 5 

<1 

5 

0 

0 

0 

s 

I 

0 




.064 

13.68 

d 19 p 10 

<1 

10 







78t 

I 

Methylenedioxy 

.008 

1.80 

d26 p28 

<1 

10 

0 

a 

0 

S 

I 

D 




.032 

7.22 

d25 p53 

<1 

25 







792 

r 

Dimethoxy 

.008 

1.93 

d 20 p 11 

<1 

S 

d 

0 

0 

s 

I 

0 




.032 

7.72 

d32 

15 





. 



899 

IV 

Di hydroxy 

.008 

1.S4 

d S p 10 

<1 

0 

0 

a 

0 

0 

I 

D 




.064 

14.08 

d 13 p 44 

<1 

8 
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IV 

Methylenedioxy 

.008 

1.93 

d47 p59 

<1 

6 

0 

0 

0 

D 

I 

D 




.064 

15.40 

d 62 p50 

<1 

15 
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IV 

Dimethoxy 

.004 

1.03 

d 32 p 18 

<1 

5 

d 

0 

0 

s 

I 

D 




.032 

8.24 

d 52 

10 








897 

II 

Dihydroxy 

.008 

1.S2 

d 8 p 16 

<1 

1 

0 

n 

0 

0 

I 

D 




.064 

14.50 

d 54 p 25 

1 

5 







785 

II 

Methylenedioxy 

.008 

1.92 

p 3S 


3 

0 

0 

0 



D 




.032 

7.66 

p 97 


9 


i 



I i 


793 

11 

Dimetho.\y 

.002 

.51 

p 42 


0 

0 

D j 

D 

S 1 

0 




.008 

2.04 

pl25 


o 


i 


1 

1 

I 1 

D 

900 

V 

Diljydroxy 

002 

.49 

p 35 


1 

0 

° I 

0 1 

S j 




.032 

7.78 

pl2I 


5 



1 

1 

I ' 

D 

790 

V 

Methylcncdioxvi 

.0005 

.13 

p 40 


I 

s 1 

0 

” i 


s > 



1 

004 

1.02 

pM5 


j 


i 

i 

I ' 

1 

D 

798 

V 

Dimethoxy ! 

001 

.27 

p 45 


2 1 

0 

D ; 

" 1 

s i 



! 

OOS 

2.18 

pl40 


G ! 



1 

f 
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Bomau numerals refer to compounds the formulae of winch arc given in the introduction, 
d, depressor; a, abolished depressor; p, pressor; /?, decrease; /, increase; S, sensitized; 0, 
no cli.angc. Each compound was tested on two dogs. 


5-methyl substituted comjtoiinds also appear to follow, to some pnI ent, Laiillau s 
generalization (5) that isotiiiinoline compounds substituted in the (7,/ position' 
with methoxy or methylene dio.xy group.? wore ronviil.sants when the iiitiogen 
was trivnlcnt, but were devoid of this effect when the nitrogen wa.s pentavnient. 

II. Circulatury effect.^. The general circulatory effects, rocordwl !)y methods 
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previosly described (C), are summarized in table 2. The substituents on the 
6 , 7 positions (dihydro)^', methylenedioxy, and dimethoxy ) had no outstanding 
qualitative or quantitative influence on the blood pressure effects of the 5-methyl 
derivatives. Likewise there was little difference between the corresponding di- 
hydro- and tetrahydroisoquinoline derivatives. However, the direction of the 
response was strongly influenced by the substituents on the nitrogen: the second- 
ary and tertiarj’ amines had diphasic depressor-pressor, or, vdth large doses, 
purely depressor effects; the quaternary' ammonium salts, >vith the exception of 
the5,5-dimethyl-5,7-dihydroxy-S,4*dihj'droisoqmnolinium cliloride, were purely 
pressor. This result agreed with a previous finding that the quatemaiy' grouping 
conferred pressor potency (2). Apparently the 5-mcthyl substituent had little 


TABLE 3 

Effect of S-methylS, 4-dihydro- and S-metkyl-l,S,S,4‘telTtthydroitoquinoline derivatives on 
tone of isolated smooth mvscles 


KO. 

COUPOtTKQ 

TYTK 

BUBSTtrCEKT ciocr 
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3 
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— 
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3 
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2 
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Methylenedioxy 
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Dimethoxy 
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Dihydroxy 
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+ 
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11 

Methylenedioxy 
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+ + 

+ + 

3 

793 

II 

Dimethoxy 

0.1-0.2 



+ 

2 

900 

V 

Dihydroxy 

0.1-0.2 

(+ -) 

+ 

+ 

3 

790 

V 

Methylenedioxy 

0.1-0.4 

— 

4- 

+ + 

3 

798 

V 1 
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— 
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2 


Homan numerals refer to compounds the formulae of which are given in the introduction. 
— , moderate decrease; — — , marked decrease; -1-, moderate increase; -}- +, marked 
increase; (-H — ), increase or decrease. 


weight in influencing the respon.se to the methylcnedio.xy and dimethoxy de- 
rivatives, but it introduced an initial depressor phase into the action of the di- 
hydroxy derivatives, since the corresponding derivatives w’ith the 5-position 
unsubstituted were purely pressor (3,6). 

There was little evidence of tachyphylaxis except among the compounds which 
were predominantly depressor in the large dose range; in such cases the paired 
doses were depressor. The infrequent occurrence of tachyphylaxis among the 
5-racthyl isoquinoline derivatives Is striking in view of this well-known property 
of /9-phenylisopropylaminc (7). Vagotomy decreased the pressor effect of an 
occa.rionai quaternary ammonium salt; it abolished the dcprcs.<=or phase of .some 
of the biphasic depressor-pies'^or compounds, but had no effect irith other similar 
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compounds. Atropine inhibited the pressor effect of several of the quaternarj- 
salts but had no influence on the response to the remaining compounds. The 
epinephrine response was usually enhanced; three of the dihydroxy derivatives 
had no effect while two of the methylenedio.vy derivatives inhibited the response. 
There was consistently an initial respfratoy' stimulation of short duration with 
all the compounds. The pulse rate was usually decreased. 

111. Smooth muscle effects. The qualitative action of the compounds on iso- 
lated smooth muscle, studied by methods previously recorded (6), is summarized 
in table 3. These S-methyl-substituted isoquinoline derivatives usually relaxed 
the intestine. An occasional dihj'droxj' derivative had mixed effects, either 
stimulating or relaxing or both. All of the compounds consistently stimulated 
both the rabbit and guinea pig uteri, reactions characteristic of the isoquinoline 
type (2,3,6). 


SmfSfARV 

A series of S-methyl-S,.^-dihydro- and S-methyl-i ,2,S,.^-tetrahydroisoquino- 
line derivatives, substituted in the-6,7 positions with dihydroxy, methylcnedioxy 
and dimethoxy groups, were studied for their relative toxicological, circulatoy 
and smooth muscle effects. 

The secondarj' tetrahydroisoquinoline hydrochlorides were least toxic while 
the quaternary salts were most toxic. The substituents on the 6,7 positions 
had much less influence on toxicities than the substituents on the nitrogen. 
Exophthalmos was most pronounced with the methylcnedioxy derivatives while 
tremors were obsenmd only mth the dimethoxy derivatives. 

The substituents in the 6,7 positions had relatively little influence on the 
blood pressure response indicating that the pressor potencj' of the dihydroxy 
groups has been nullified bj'the 5-methylsubstituent. The quateraty ammonium 
salts were usually pre.ssor white the secondary and tertiarx' compounds were 
diphasic depressor-pressors. 

There was little evidence of tachyphylaxis in contrast to the results usually 
obtained with /3-phenylisopropylamincs. 

Vagotomy and atropine inhibited the pressor response of some of the pressors 
and vagotomy abolished the depressor phase of some of the mixed-acting com- 
pounds. 

The epinephrine effect was usually potentiated: Respiration was usually in- 
itially stimulated. The pulse rate was usually decreased. The intestine was 
usually relaxed and the rabbit and guinea pig uteri were .stimulated. 
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This report deals wth the chemistry and the relative pharmacological effects 
of a series of J -methyl's, 4-dihydro- and J-methyl-/,5,5,4-tetrahydroisoquino- 
line derivatives substituted in the 6 and 6,7 positions wth hydroxj', methoxj’ 
and ethoxy groups. The structural relations are as follows: 
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J-Methyl-S,4-dihydroisoquinoline 

hydrochloride 

CHi 

r/\/ 


R! 


CHj 
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Cl 
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I-Methyl-1 ,2 ,3 ,4-tetrahydro- 
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\A. / Cl 
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in, 

II 

1 ,£-DiiDethyl-5,4-dihydro- 
isoquinolinium chloride 

CH: 


R- 


CH: 

i^CH, 

n—h 

. / Cl 

c 
/ \ 

CH, H 

IV 

J ,;?-Dimeth 3 ’l-I ,;?,5 ,4-tetrahydro- 
isoquinoline hydrochloride 


In the above, H and R' represent hydrogen, hydroxyl, methoxyl and ethoxyl. 
Compounds of type III may be considered as secondarj' amine hydrochlorides; 
types I and IV are tertiary amine hydrochlorides; and type II compounds arc 
quatemarj’ ammonium salts. 

The natural alkaloid, camegine, which is the I ,J?-dimethyl-5,7-dimotho^y- 
/ ,5,S,4-tctrahydroisoquinoline, was found to increase the reflex excitability of 
fjogs (1). The pharmacological propeities of analogou.s dibydro- and tetrabj’- 
dioisoquinoHno derivatives with the 1 position unsubstituted have been reported 
previously (2, 3). 
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Expertoental. I, Chemistry. The phencthylamines (4, 5) were acctylatcd 
by the method of Spath and Polgar (6) and the acetyl derivative then cyclized 
wth phosphorus oxj'chioride (7). Reduction of the dihydroisoquinolines to the 
tetrahydro compounds was carried out by means of zinc and sulfuric acid. The 
methiodides were reduced in a similar manner (7). 


TABLE 1 

l~^lelhyl~S,i^dihydToisoguinolinc hydrochloridcst liS'dimethyl^Sf^-dihydroisoquinolinium 
chtondcSj and t~mcthyl'l ,$f4-tctrahydroisoquinoUne hydrochoridcs 
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prisms 

247- 

CiiHuONCl 

G3.2; 

r7.9: 

'63.41 

1 S.OI 

i ytx 

733 

III 

6-Ethoxy-7- 

roethoxy 

White, felted flat needlca 

253* 

CiiBidJtNCI 

60.51 

>7.52 

1 60.K 

►8.i: 

1 aHCl 

740 

IV 

#-Methyl 

ARgregates of Uny elout 
prisms 

193* 

C.iH.iNCl 

Cfl.SI 

, s.ic 

i 67.03 

1S.3' 

■ XX 

7ii 1 

IV 

A.VethyW.7. 

dihydroxy 

Dull white clumps of tiny; 
spindles | 

207-209** 

CnHiiOiN'CI 

57.49 

7:03 

57.44 

7.22 

sie 

742 ' 

IV 

2-Methyl-6.7- 

dimethoxy 

White tiny nodules 1 

211-512* 

Ci.Hi^tNCl 

60.55 

7.83 

60.71 

8.05 

AX 

741 

IV 

f*Mcthyl-6-ctboxy 

IN'hite, liny aggregates of 
leafy plates 

191.5* 1 

1 

CiiHiiONCl 

M.57 

8.34 

i 

64.79 

$.49 

AX 

743 

IV 

£-Mcthyl-6-olhoxy- 

7*inclhoxy 

White oKgregates of Uny 
plates 

212.5* 

C.iHteO.NCl 

C1.S5 

S.16' 

62.00 

3.18 

AX 

730 

1 I 

1 6,7-Dihydroxy 

i Light yellow small flat 
prisms 

254* 

Ci.HidJiNCl 

56.10] 

5.67 

[is.:? 

i.ST 

ae 

72S 

! I 

6.7-Dimctboxy 

White, small, stout 
prisms 

205* dec. 

CitHiiOiNCl 

59.60 

6.67 

59.69 

6.79 

XX 

727 

I 

6-Ethoxy 

White, bulky powder 
(small needles) 

197** 

CnlltiOKCI 

63.54 

7.15 

64.11 


AE 

729 

: I 

6-Ethox3’-7- 

methoxy 

White aggregates of small 
prisms 

234-235’* 

dec. 

CtiriitDiMCl 

61.03 

7.10 

61.32 

7.31 

XX 

739 

11 

£-Methyl-6.r- 

dihydroxy 

Light yellow, felled, Uny 
needles 

239-240** 

dec. 

CiiHiiOrNCI 

SS.OI 

8.20 

S8.2I 

6.31 

>! E 

736 

II 

£-Methyl-6.7- 

dimethoxy 

Faint yellow, small, flat 
prisms 

ISI" dec 

C.iH,d5;N’Cl 

51.03 

7.10 

61.10 

r.24 

A .E 

735 

II 

£-Metbyl-6-<*thoxy 

White, felled, Uny 
needles 

203** dec. 

CiiHiiO.VCI ( 

is.ii ; 

r.57 ( 

55.33 : 

r.7S 

A E 

733 

n 

£-Methyl-6-ethoxy- 

7*niclhoxy 

White clumps of tiny 
cr^-stals 

W7*' dec 

CkHi^jN'C! I 

53.31 : 


52.55: 

r.57 

AE 


A, ethftnol; a, aqueous; tZ, ethyl acetate^ E, ether; 3f, metfianol. 

* Dried 12 hours at 100* in ^Tseuo. 

Roman numerals refer to eompounds the formulae of which art Riven in the introduction. 


Demothylation of the dimethow compounds was carried out as described bj 
Buck and Ide (7). 

The conversion of iodides into chlorides was done in the usual manner by me-nn.' 
of silver chloride. , 

Metliiodides were prepared by allowing a benzene solution of the ba=p to stand 
at room temperature with a slight excess of methyl iodide (7). 
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Many of the hydrochlorides are difficult to drj* and some are hygroscopic. 
Melting points vary’ \vith the drymess, subdmsion, etc., and those given must be 
regarded as approximate. Fluorescence (strong bluish-white) is shown only by 
compounds 728 and 729. The white color of most of the ffihydroisoquinolmiura 
chlorides is noteworthy. 

Individual preparations. 7Si. The hydrobromide was described by Schopf and Bayerle 
(12). The hydrochloride was prepared from 732 by demethylation. 

733. Compound 7S8 was reduced. 73£ is the di-saUolidine hydrochloride of Spalh and 
Dengel (11). 

731. Compound 7S7 was reduced. 

733. Compound 739 was reduced. 

740. The base was prepared according to Freund and Bode (10) and an ether solution 
treated with hydrogen chloride. 

744- dZ-Camegine hydrochloride (74?) was demethylated. Schopf and Bayerle (12) 
prepared the picratc in another way. 

74?. The methiodide of the base of 7£S was treated with silver chloride. Compound 
74? is df-carneginc hydrochloride, which was synthesized by Sp&th (9) in a similar manner. 

741. The methiodide of 7f7 was reduced. 

745. The methiodide of 729 was reduced. 

750. This compound was prepared by demethylation of 728. 

728. Acetyl homoveratrylamine was cycUzed and the hydrochloride prepared from the 
base by passing hydrogen chloride into the ether solution. The base has been described by 
Spath and Polgar (0), and the hydrochloride (different synthesis) by Kaufmann and Bado- 
sevii, (m.p.,200*) (8). 

787. 5-Ethoxyphenethylamine (6) was acetylated, the product cyclized, and the hydro- 
chloride prepared as with 7f5. 

729. S-Ethoxy-4*methoxyphenethyIamme (5) was acetylated and cyclized and the base 
converted into the hydrochloride (Cf. 755). 

759. Compound 755 was deraethylated. 

755, The methiodide of 7f 5 (9) « as treated with ailver chloride. 

735. The methiodide of 727 was converted into the chloride. 

738. The methiodide of 789 was treated with silver chloride. 

77. Toxicity. The methods used for the determination of the LD 50 in albino 
mice were described previously (13). In general, tertiary compounds of type 
III, i.e., J-methyl-i , 5, S,4-tetrahydroisoquinoline hydrochlorides, were less toxic 
than their corresponding homologuc.s while quaternarj’ compound.*? of type IV 
were more toxic. The 0-ethoxy-7-methoxy-/ ,2-dimethyl-/ ,2, S,-{-tetrahydro- 
isoquinoUnium chloride was found to have the exceptionally low LD 50 value of 
11 mgm. per kgm. 

The ,7-dihydroxy compounds were generally less toxic than the other mem- 
bers of their respective group types while the 5-ethoxj’-7-methoxj' compounds 
were generally more toxic. 

Signs of sympathomimetic activity such as exophthalmos and pilomotor effects 
were frequently found to be as-sociated with the (?,7-dihydroxj’ compounds which 
were generally found to possess pressor properties. These sj’mptoms however 
were not particularly prominent and were absent in the case of /-mcthyl-ff,7- 
dihydroxy-S,4*dihydroisoquinoline hydrochloride. With the exception of most 
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ot the 6 ,7-dihydroxy compounds tremors were commonly produced. Brief con- 
xuilsive hops and respiratorj- distress preceded death in all cases. 

III. Circulatory effects. The relative circulatorj- effects, as recorded kymo- 
graphically (13), are summarized in table 3. The 6,7-dihydro\y derivatives of 
both the dihydro- and tetrahydro-isoquinoline compounds were predominantly 
pressor as were the corresponding isoquinoline derivatives unsubstituted in the 
1 position (2, 3). The methoxy and ethoxv' derivatives had either diphasic 
depressor-pressor or purely depressor effects depending chiefly on the nitrogen 
substituent. The secondarj' 1 ,2,S,4-tetrahydroisoquinoline derivatives (type 


TABLE 2 

Toxicological effects oj l-melhyl-S,i-dihydro- and l-mcthyl-l,S,S,4-tctrahydroisoguinoline 

derivatives on albino mice 


KO, 

cox* 

POTJKD 

tym: 

SUBSTlTUtKT CBOtJPS 

MOLECU- 

LAR 

WEICOT 

ID SO 

SIOFE 

mnis 

OT 

EXKOB 

TILO- 

XOTOB 

trrzcTs 

Exorn- 

TDAlXOUS 

SALIVA- 

TION 

TBEMOBS 





mgm./ 











kim. 







734 

111 

6,i-Dihydro»y 

215.6 

417 

15 

92-lOS 


Moderate 

Moderate 


732 

in 

5.7-D5niethoxy 

243.6 

169 

16 

94-106 




Coarse 

731 

III 

e-Ethoxy 

227.6 

127 

12 

90-in 




Coarse 

733 

HI 

^-Etboxy-7*njetboxy 

257.6 

93 

10 

92-109 




Inter- 











mittent 

740 

111 

f.^Iethyl 

197.6 

77 

31 

94 -106 




Moderate 

744 

IV 

f-M«lhyl*C, 7-dihydroxy 

229.0 

169 

16 

59-112 


Sliitht 



742 

IV 

f-MelhyM,7*dimcthoxy 

257.6 

26 

12 

93-lOS 


Moderate 



741 

IV 

f-Mefhyl-tf-whoxy 

241.6 

55 

19 

94-107 



Frequent 

Frequent 











spasms 

743 

IV 

4f *M et by 1-e-ct h oxy -7- 

271.6 

11 

40 

97-103 




Coarse 



methoxy 









730 

1 

C. 7-Dihydroxy 

2I3.G 

207 

22 

93-107 





72S 

I 

e,7-Dimethoxy 

241.6 

lOS 

23 

94-108 




Peniislcnt, 











fine 

727 

I 

d-Ethoxy 

225.6 

so 

37 

96-104 




Penwlent, 

729 

I 

d-Elboxy-7-njctboxy 

255.6 

45 

32 

93-107 



SlUhl 

Violent 

739 

II 

f-Melhyl-d. 7-dihydroxy 

227.6 

119 

12 

5S-U4 


Shebt 


Moderate 

736 

11 

f-Methyl-d, 7*ditncthoxy 

255.6 

56 

15 

93-108 


Moderate 



735 

11 

f-Methyl-d-clboxy 

239.6 

141 

29 

94-106 




Occasional 

73S 

II 

f-5fethyl-d-«tboxy-7- 

269.6 

60 

13 

93-108 

Sli'itht 

SUtht 


Fine 



methoxy 










Roman numerala reftr to compounds the formulae of which are fiven in the introduction. 


Ill) which have methoxy and ethoxy groups in the G,i positions were predomi- 
nantly depressor in action. The tertiarj’ <7-etlioxy-7-methoxy dihydro- and 
tetralydroisoquinoline derivatives were dcpre.ssor while the other derivatives had 
mi.vcd depressor-pressor effects. The quatemarj’ dihydroisoquinolinium salts 
(tvpe 11) also had mixed depressor-pressor actions. In genera!, tiie siibstifution 
of a methyl group in the /-position had relatively little influence on tlie blood 
pres.sure response since similar qualitative effects were olftained vitli t!ie com- 
pounds unsubstituted in the / position (2, 3). 

There was some evidence of fachyph 3 ‘Iaxis among the diii 3 'drox\ prcccor 
agents, paired do.ses following the series of graded do=es sho\\ing decreased effects. 
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Likewise among the depressor-pressor substances paired doses were frequently 
purely depressor, the animal having become insensitive to the pressor phase. 

Vagotomy and atropine usually had no influence on the response as shown by 
paired doses, indicating the absence of a parasj'mpathetic component in the blood 
pressure response. 


TABLES 


Relative effects of 1-methyl tso^uinohne compvunde on blood preisure, respiration and pulse 







MOO& taxsstnc 



ftS 
















bs 

c§ 


< 

















TVPi: 




Chaage 

Dura- 


E? 

t < 


n r 















“ 



*■ 





mif / 

T,y 

" 

w.Hf 

minuUt 








734 

III 

d,7-Dihydroxy 

.004 

.36 



P4I 


2 

0 



s 

0 

0 





033 

6.8? 



p85 


6 








732 

in 

ff,7*Diniethosy 

.00? 

1 93 

d 

16 


2 


0 


0 

0 

I 

0 





.0» 

>5.30 

d 

60 


15 









731 

HI 

6-Ethoxy 

.00? 

1.32 

d 

28 


1 


0 

0 

0 

D 

I 

0 

+ 




064 

14 36 

duo 


13 









733 

in 

6-Ethox3-.7- 

.003 

2.06 

d 

30 

pis 

1 

3 

d 

0 

0 

D 

I 

0 

+++ 



methoxy 

.032 

3.24 

d 

37 


IS 









740 

IV 

Ml ethyl 

.003 

t S3 


18 

P« 

<l 

2 

© 


0 

R 

1 

0 





.033 

6.32 

d 

13 

pl5 

<l 

S 








744 

IV 

J-MethyM.r. 

002 

.46 



pit 


2 

D 

0 

0 

6 

0 

0 




dihydroxy 

033 

7.34 



P87 


15 








743 

iv 

f-MelhyM.r- 

003 

3.06 

d 

18 

pl$ 

<1 

5 

D 

0 

0 

D 

r 

D 

+++ 



dimethoxy 

.064 

16.43 

d 

43 

p07 

<I 

5 








741 

IV 

*-MelhyW-«thoxy 

.003 

1.93 

d 

34 

P3I 

1 

10 

d 

0 

0 

D 

I 

0 

++-f- 




.064 

13.46 

dllS 


60 









743 

IV 

f-Methyl-6-elhoxy. 

003 

3.17 

d 

40 


3 


0 

0 

0 

D 

I 

0 

+++ 



7-metboxy 

033 

8.63 


75 


10 









730 

I 

6,7-Dihydfox>' 

.003 

1.71 



pl3 


10 

D 

0 

0 

S 

0 


0 



.033 

6.84 



p2t 


13 








T3S 

I 

6,7'Dimethoxy 

.003 

1 93 

d 

7 

p IS 

<l 

5 

d 

0 

0 

S 

0 

0 

-1-+ 




033 

7.73 

d 

62 

p42 

2 

20 








727 

I 

6'£thoxy 

OOS 

1 80 


7 

Pl2 

<1 

8 

d 

0 

0 

8 

I 

0 

+ 




033 

7.22 

d 

35 

P u 

I 

IS 








729 

I 

C-Elhoxy-7- 

.003 

3.03 

d 

16 


1 





S 

1 

D 

.++ 



methoxy 

.064 

16 36 

d 

90 


20 









739 

n 

f.Methyl-6.7- 

.00? 

1.82 



pl9 


1 

D 



S 

I 


+ 



dihydroxy 

032 

6.32 

d 

45 

p8S 

<1 

6 








736 

n 

«-MglbyW.7- 

.003 

3.04 

d 

15 

P 11 

<1 

4 




8 

1 

0 




dimethoty 

.064 

16.36 

d 

60 


IS 









73S 

II 

*-Methy1-5-«tboxy 

00? 

1.92 

d 

9 

P K 

<I 

1 




S 

I 

D 





.064 

15.32 

d 

34 

p3I 

3 

10 








73S 

II 

f-Methyl-6-elhoxy 

.003 

2.16 

d 

6 

p25 

<1 

4 

0 



s 

I 

0 




7-roethoxy 

.033 

8 64 

d 

37 

p36 

I 










d, depressor; p, pressor; D, decrease; /. increase; 0, no chance, S.aensitired, +, moderate tremors; marked 
tremors, ++• f, etrychnine-Iike tremors, R, tetetsal 
Each compo\wd was tested on two dogs 

Roman numerals refer to compounds the formulae of which ve given in the introduction. 


The epinephrine response was usually increased by the dihydroLsoquinoIine 
compounds regardless of the substituents in the positions. It was also in- 
creased by the dihydroxy pressor agents among the tetrahydroisoquinoline de- 
rivatives while it was usually inhibited by the metho.xy and ethoxj' tetrahy- 
droisoquinolinc derivatives. The epinephrine response was actuallj’ reversed 
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Ip- large closes of the unsubstituted / ,£-dimetIiyI-/,2,S,4-tctrahydroisoquino- 
line. The analogous compound, unsubstituted in the J position, was likemsc 
adrenolj'tic (2). 

There was usually an initial brief respiratory stimulation with those isoquino- 
line derivatives. Tlie pulse rate was usually unchanged; only an occasional 
compound decreased the rate. The majority of the compounds produced tremors 
in the anesthetized dog. Four of the tetrohydro derivatives, with ethoxj' and 
mctho.v}’ substituents, produced violent st/yclinine-like convulsions of long 
duration. 


TABLE 4 


Relative effects of 1-methyl isoquinoline compounds on tone of isolated smooth muscle 


NO 

coin>OTO[i) 

TYPE 

SUBSTITTJENT CKOUTS 

COSCEKTXA* 
IION I.V 
PATH 

EABLIT 

INTESTINE 

tABQIT 

CWKEA 

PIC 

I.“TE»C5 

NCVPE* 

or 

TESTS 

734 

in 

6,7-Dihydroxy 

milli-nfilof 

0.1 -0.4 

(+ -) 

-i- 

4 . 

3 

732 

in 

6,7-Dimcthoxy 

0.1 - 0.2 

— 

+ 

+ 

3 

731 

in 

6 -Ethoxy 

0.1 - 0.2 

— 

+ 4- 

+ 4- 

4 

733 

III 

6-Ethoxy-7-metho.vy 

0.1 - 0.2 

— 

4* 

+ 

3 

740 

IV 

f-Methyl 

0.1 - 0.2 

— 

+ + 

+ + 

6 

744 

IV 

2-Mcth}i-6,7-dihydro.xy 

0.1 - 0.2 

(+ -) 

+ + 

+ + 

4 

742 

IV 

^-Mcthyl-e , 7-dimctho.xy 

0.1 -0.4 

— 

+ 

+ + 

4 

741 

IV 

^-MethyW-cthoxy 

0.1 - 0.2 

- 

-t- 

-h 

3 

743 

IV 

S-Methyl.6-othoxy-7-methoxy 

0.1 -0.4 

— 

+ + 

+ + 

4 

730 

I 

6 , 7 -Dih}-dro,x 3 ' 

0.1 -0.4 

(+ -) 

-t- 


4 

728 

I 

6,7-Dim6thoxy 

0.1 - 0.2 

- 

+ 

-h -t- 

3 

727 

1 

6 -Ethoxj- 

0.05-0.2 

— 

+ + 

-f-h 

3 

729 

I 

S-Ethoxy-7-mcihoxy 

0.05-0.2 

- 


+ + 

3 

739 

n 

6 -Methyl- 6 , Z-dihj’dro.x}’ 

0.05-0.2 

(+ -)i 

+ 

4" 

5 

736 

n 

S-Me thy 1 - 6 , 7-di me thoxj' 

0.1 - 0.2 


-f 

+ -h 

3 

735 

II 

6-Meth}i-6-ctho.v}' 

0.1 -0.2 


4* 

-1- 

3 

738 

n 

2-:McthyI-6-cthoxy-7-methoxy 

0.1 -0.2 

i 

4 . 4 . 

+ + 

t 


-f-, moderate stimulation; -f- -t-, marked stimulation; — , moderate inJ)ibition; — — , 

marked inhibition; (-) ), mixed stimulation and inhibition. 

Roman numerals refer to compounds the formulae of which arc given in tlie introduction. 


IV. Smooth muscle effects. The data on isolated smooth mu.scle, obtained by 
previously described methods (13) are summarized in table 4. The dihydro.xj 
derivatives usuallj’ had mixed .stimulating and depres.sing cffcct.s on intestine 
while tiie remaining derivatives usually depressed. All of the compounds stimu- 
lated both rabbit and guinea pig uteri. These reactions were con.ristent nitli 
those for the corresponding isoquinoline derivatives unsub.stituted in the t 
position (2, 3). 


.SU-M-MAIty 

A series of t-methyl-3, -{-dihydro- and f-methyl-f ,^,S,-{-tctrahydrolsoquiao 
line derivatives .substituted in the 6 and 6,7 po-ritions with hydro.xy, motliox) 
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and ethoxy groups and having in the 2 position hydrogen or methyl, were studied 
for their chemical and relative pharmacolopcal properties. 

The presence of hydroxy groups at positions^? and 7 seemed to decrease toxic- 
ity. Usually the quaternary salts were more toxic than the secondary and 
tertiary amines. 

The J-methyl substituent had rdatively little influence on the qualitative 
blood pressure re.sponscs; the effects of the present scries were similar in most 
respects vith those of the i-unsubsliluted analogs. 

Tach>T)hylaxis of the pressor responses was occasionally noted. 

Vagotomy and atropine did not influence the blood pressure responses. 

Respiration was consistently stimulated. The pulse rate w'as usually un- 
changed. 

Epinephrine was potentiated by the dihydroisoqiiinoline compounds and by 
the dihydroxj' tetrahydroisoquinoline derivatives; it was inhibited bj' the other 
tetrahydro derivatives. 

Tremors were obsen’cd with the majority of the compounds. Four of the 
tetrahydroisoquinoline derivatives produced strychnine-like con\'ulsions. 

The Isolated intestine was cither stimulated or relaxed or both by the dihy- 
droxy derivatives but depressed by all other compounds. The uteri were con- 
sistently stimulated. 
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Considerable interest in potassium salts has been evident in the clinical litera- 
ture of recent years. Potassium salts have been recommended in the treatment 
of urticaria by Rusk and Kenamore (l);in hay fever, urticaria, eczema, nasal 
polyposis, chronic allergic sinusitis and migraine by Bloom (2). Bloom also 
recommends potassium iodide for asthma although he states that potassium 
chloride has no effect. Harsh and Donovan (3) have failed to confirm Bloom’s 
results and have shown that blood potassium levels are unchanged by the oral 
doses used. 

These purely clinical studies, with the e.Kception of the last, had their origin, 
in part, in the theory of Camp and Higgins (4) which ma 3 ' be stated as follows: 
epinephrine causes an increase in serum potassium, injected potassium salts 
cause a rise in blood pressure, therefore the effect of epinephrine on the blood 
pressure is due to the increase of blood potassium. The previous work on which 
this theoiy* was mainly based was that of Mathison (5) who showed that injected 
potassium salts cause an epmephrine-like rise of blood pressure, and that of 
Schwarz (6) who showed that injected epinephrine caused an increase in blood 
potassium. The authors of this theory ignored Mathison’s further conclusions 
that potassium caused contraction of plain muscles, such as the oesophagus and 
uterus of the cat, which are relaxed by epinephrine; and also Schwarz’ con- 
clusion that the “potassium increase and blood pressure rise can be brought into 
no determined numerical relation." 

Several previouslj' published papers contained evidence fending to refute 
a potassium theory' of epinephrine action. Thus Hazard and Wurmscr (7) 
showed that magnesium chloride prevented the rise in blood pressure caused bj' 
injected potassium salts but did not interfere with the blood pressure rise caused 
bj' epinephrine. Bacq and Rosenblueth (8) found that in an adrcnalectomizcd 
cat potassium salts caused a contraction of the uterus while epinephrine caused 
relaxation. Zw’emer and Truskowski (9) reported that potassium^ salts injected 
into animals caused all the sj'mptoms of adrenal insufficiency', simvilating Ad- 
dison’s disease. The fact was demonstrated by Howell and Duke (10), Martin 
(11), and others, that potassium salts affect the heart like vagus stimulation. 

About the time of the publication of the thcoiy of Camp and Higgins, Marenzi 
and Gershman (12) showed that when the hepatic veins were ligated a rise of 

? This work was presented as partial fulfillment of the requirements for tlic Ph.D. degree 
in Pharmacologj- at the t'niversity of Michigan. 
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plasma potassium no longer resulted from epinephrine injection. D’Silva (13) 
confirmed this and added the observation that perfused liver releases potassium 
when epinephrine is added to the perfusion fluid. Subsequently (14) he showed 
that after successive 0,1 mgm. doses of epinephrine, three minutes apart, the 
mobilization of potassium was feeble after the seventh injection. Larson and 
Brew'er (16) concluded that "there is no causal relationship between the rise in 
serum potassium and the rise in blood pressure resulting from the injection of 
adrenalin" on the basis of the practical disappearance of the potassium-mobilizing 
effect of adrenalin after hepatectomy, while the blood pressure effect remained 
unimpaired. Knocffel and Alles (16) also took exception to Camp’s theory on 
the basis of difference in pharmacological action of epinephrine and potassium 
salts similar to those already quoted. 



Fio. 1. Effects of 0.1 mcsi. per kgu Epinepjirine on Serum Potassium 
AND BlUod Pressure 

Though the potassium theory of epinephrine action has been disproved, the 
time relations between these two actions of epinephrine have not been studied. 
The object of the present work is to demonstrate this relation. 

Procedure. The experiments were carried out on cats under nembutal anesthesia. 
The carotid blood pressure was recorded by a mercury manometer. Blood samples were 
collected from a femoral artery through a special cannula made from an 18 gauge hypo- 
dermic needle. This cannula had the hub of the needle soldered in the side and the arterial 
flow continued through the lumen of the needle, which was placed in the lumen of the artery 
and tied in at each end. Injections of epinephrine were made into a small branch of the 
opposite femoral von. Blood samples were taken immediately before tbs injection to serve 
as a normal After the injection the samples were taken as rapidly as possible. Immedi- 
ately after coagulation they were centrifuged and the serum separated from the cells. 
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The scrum potassium was determined by the method described by Hoffman (17) using an 
Evelyn photoelectric colorimeter and a COO mu. filter. The calibration curve was made 
using known amounts of potassium precipitated in the samcmanner as the scrum pot.nssium. 
All determinations were made in duplicate. 

Results. The results in the graphs are expressed as changes from the nor- 
mal in percentage of the normal value. The graphs plotted from the average 


nc 2 crrtcTS or o.osmcm or epinepmsine Ptn com 



SECONDS 


Pjo. 2. Erraers or 0.05 Most, per kcm. Epinephri.ve o.v SEnvn Potas3IV.v 
AND Blood Pressure 

TABLE 1 

Time relations of blood pressure and scrum potassium after epinephrine 



TWE (SECO^^)S) 

vest 

Beginning of rise 

Height of rise 

j Keturn lonomi! 


i a. p. 

1 

B.P. 

K 

B.P. 1 

1 

»nfm. 

O.I 

10 j 

20 1 

25 

I 100 

180 i 

1 320 

Difference 

10 j 


! HO 

0.05 

10 

' 20 

25 

15 1 

120 

J 

210 

! 

Difference j 

10 

20 

120 


of results from sixteen doses of 0.1 mgm. (in 10 cats) (fig. 1) and from sixteen 
doses of 0.05 mgm. (in 8 cats) (fig. 2) of epinephrine per kgm. of bodj' weight show: 

The blood pressure rose within ten seconds after ttic injection, while the 
increase in serum potassium began, within twenty seconds. The potas.'inm 
increase was relatively greater than the blood pressure incrca.se in the animal.' 
receiving the 0.1 mgm, dose, relatively less than tlie blood pressure increase in 
the animals receiving the 0.05 mgm. dose. The peak of the blood prc.“>uro n?c 
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was past and the return to normal began before the peak of the potassium increase 
was reached, and was close to the beginning of the potassium rise. As shown by 
table 1, the effect on serum pota-ssium was slower throughout than the blood 
pressure effect. 

Discussion. All of these findings are definitely against the idea that the 
blood pressure effect of epinephrine is due to the increase of blood potassium. 
D’Silva (13) and Marenzi and Gershman (12) showed that most of the potassium 
liberated by epinephrine came from the liver. This would account for the delay 
in the appearance of the potassium in the blood of the femoral arterj’ and point 
further toward the conclusion that the potassium-mobilizing effect of epinephrine 
is independent of the blood pressure effect. If the increase in scrum potassium 
caused by release of potassium from the liver were the cause of the vasocon- 
striction responsible for the increase of blood pressure, the serum potassium in the 
blood of the femoral artery should rise before the blood pressure rises, since 
blood from the heart would reach the femoral arteiy before it reaches the arteri- 
oles and capillaries of the leg and at about the same time that it reaches the vis- 
ceral arterioles and capillaries. Since Briggs, Koechig, Doisy and Weber (18) 
Harrop and Benedict (19) and Kerr (20) showed that insulin caused a decrease 
in blood potassium and since D’Silva (21) showed that tlic fall of blood potassium 
following the rise provoked by epinephrine was abolished by pancreatectomy, 
it is more likely that the potassium changes occurring after epinephrine are 
related to the hyperglycemia rather than the hypertension induced by epineph- 
rine, as suggested by Harrop and Benedict (10) in the case of the serum potas- 
sium change induced by insulin. Such relations must be left to subsequent study 
before any conclusion is reached. 


CONCLUSIONS 

1 . The serum potassium increase caused by injected epinephrine is slower and 
more prolonged than the blood pressure increase. 

2. The serum potassium increase caused by 0.1 mgm. per kgm. of epinephrine 
in the cat is relatively greater than the blood pressure effect. That caused by 
0.05 mgm. per kgm. is relatively less than the blood pressure effect. 

3. The serum potassium increase after the injection of epinephrine can not 
be the cause of the blood pressure increase. 

Acknowledgement. Appreciation is expressed to Doctor Ralph G. Smith for 
his criticism and advice. 
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In the course of a study on the influence of the vagus upon changes in heart 
rate followng the administration of various drugs, it became necessary* to 
record the frequency of the heart beat continuously over extended periods of 
time. This communication presents findings on the effect of epinephrine and 
carbaminoyl choline on the heart rate of rabbits and cats as recorded by a new 
detdee for the continuous recording of the heart rate. 

Method. Present methods for determining the heart rate consist in recording 
the individual heart beats either as mechanical or electrical impulses. The 
recording of mechanical impulses requires a minimum of inertia of the recording 
instrument and a maximum of speed of the kjnnograph. Ordinary kj^nogiaphs 
designed for smoked paper or ink recording are too slow, particularly for experi- 
ments on small animals with heart frequencies of more than 150 per minute. 
The disadvantages encountered in mechanical arrangements are avoided in 
methods such as the electrocardiograph, which record the electric Impulses of 
the heart beat by photographic means. However, the clecti-ocardiogram as a 
means for determining the heart rate has certain disadvantages. In experi- 
ments in which simultaneously with the heart rate, changes in volume and pres- 
sure arc recorded on a smoked paper kymograph, it is inconvenient to analyze 
the results on two separate records which are not synchronized. Furthemioie, 
the cost of photographic paper prohibits the use of the electrocaidiogram for 
continuous recording of more than a few minutes, and finally, the electrocardio- 
gram shares with all photographic recordings the disadvantage that results can- 
not be read while the experiment is still in progress. 

For these reasons, ^^e have developed a method which permits recoiding of 
the heart rate continuously on an ordinarj' smoked paper or ink kymograph 
simultaneously with other recordings. Our method is based on amplifying the 
heart potentials and using the amplified impulses to actuate a combined me- 
chanical counting and recoiding device. The heart potentials picked up by 
needle electrodes from the animal arc amplified by a portable A.C.-operated 
amplifier. The amplified impulses are counted by a mechanical counter which 
con.sists of a step motor advancing an equal increment for each impulse. The 
total rotation for a given period (10 seconds) is transmitted by the lecorder to a 
writing point on the kymograph as a linear vertical displacement. The recorder 
maintains a permanent calibration, and the distance of the recorded cur\'e from 
its base line is diiectly proportional to the heart rate. 
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Tins method of .ivcraging and recording the heart rate compares quite favnrablv wjtli 
llial employing the electronic integrating circuits which, for slow rates, require heavy 
damping. Furthermore, electronic integrators necessitate a separate recorder and fre- 
quent calibration, since the rate is measured indirectly in terms of current or voltage. 

For reasons of flexibility, the instrument is divided into two separate units, the amplifier 
(fig. 1) and the counter (fig. 2), 

Amplifier . The amplifier is a straight-forward condenser coupled type, operated entirely 
from the 110 volt A.C. line. The amplifier chassis also carries a two inch cathode r.ay 
tube r\ith a variable sweep for observing the electrocardiogram, and a trigger circuit for 
actuating the relay for the counter and recording mechanism. 

As shown in the wiring diagram (fig. 1), an interference cancelling circuit has been in- 
corporated between the first and second stages of the amplifier. Its purpose is to inject a 
GO cycle voltage of variable phase and amplitude, and thereby cancel any extraneous 00 
. cycle interference that may be picked up due to inadequate shielding of the animal. 

The trigger circuit is the conventional two stage feedback amplifier biased to cutoff. 
Since the circuit will trip only on a negative pulse, a phase inverter tube has been provdded 
whicb, together with a single pole double throw switch, makes it possible to pre.scnt the 
grid of the trigger tube with a pulse always negative with respect to its cathode. The 
uniform current pulse delivered by the above circuit actuates a relay which in turn makes 
and breaks the low voltage circuit of the counter. 

Counter tnechanism. The counter consists of two electromagnetic step motors (fig. 2, 

1 and 2) which arc alternately connected to the output relay of the amplifier for a period of 
10 seconds. Since the step motors arc started from zero, the degree of rotation is always 
proportional to the number of impulses received. 

To record the number of impulses counted, each motor has attached to its shaft a com- 
mutator (3 and -i) with two insulated copper segments. Corresponding segments from 
each disc are connected to the forward and reverse fields of the recording motor {C). Since 
the power is convoyed to the copper segments by means of the sliding finger (5) coupled 
mechanically to the recording motor, the motor always rotates towards the same insulated 
section between the two segments. The motion of the motor is transmitted simultaneously 
to a writing point on a recording drum by means of a cable wound around a pulley (7). 
The shaft in the step motor (J) is hollow and the shaft of the recording motor pa.sse.s through 
it to the sliding contact. To maintain the proper sequence of events, a timing disc (S) is 
provided, driven by a 6 Il.P.M. synchronous motor. 

For the purpose of analyzing the sequence of events let us a.ssumc that impulses arc 
corning through the amplifier, with step motor no. I just completing its 10 second counting 
period and motor no. 3 being set at zero. The first contact (A ) on the timing di.5C operates 
a r.atchct relay (9) which disconnects step motor no. 1 and simultaneously connects step 
motor no. 3 to the output relay for counting. The second contact (B) completes the cir- 
cuit of the recording motor up to the segmented disc of step motor no. 1. 1 he recording 
motor then revolves in the proper direction until it comes to rest upon the insulated section. 
The speed of the recording motor is such that it reaches the insulated section within the 
allotted time of S seconds. The third contact (C) on the liming disc separates riie electro- 
magnetic ratchet release on motor no, I resetting it to zero. Hero the time involved ks 
well under 2 seconds, so that the entire o|)cration of recording and re.sctting is within the 10 
second counting interval. Consequently when the first contact (.-1) on the timing di.se 
again operates the ratchet switch (9) at the 10 second period, motor no. I immediately 
takes up the count, while motor no. S stops to be recorded and reset. 

Figure 3 shows the t 3 'pe of record obtained with the rate of imiiulses being changed from 
20 to 19 and 30 per 10 seconds. A difTcrence of 1 impulse per 10 seconds is clearly visible 
(3.5 mm. on the origin.al rccordj. The frequency per minute is obtained by multiplying the 
number of impulses by the reciproc.al of the counting I>eriod in minute.s, i.c.. times C, in 
case of a counting period of 10 seconds. The value thus obtained rcprc.scnts^the actus, 
heart rate provided the same frequencj* is maintained for at lea.st one counting iKtic 
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Fig. 3. Ttpe of I 
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The counting period may be varied, a longer period being used when the heart beat is ir- 
legular, in order to obtain a representative average, and a shorter period being preferred 
where short lasting changes of the heart rate are expected. The error is equivalent to the 
ratio of one beat to the total number of beats for a single counting period; its magnitude, 
therefore, increases with the shortening of the counting period. This difference of 
one beat occurs when an impulse arrives at the moment a counting period is 
being terminated. In experiments on cats and rabbits {heart rates of 200-100 per minute) 
a 10 second counting period gave us the most satisfactory results with on error of 2 to 5%. 

, The counter is adapted to record frequencies up to 450 per minute. It is obvious that 
the counter does not yield any information about the character of the heart beat nor its 



Fig. 4. Erricr of Efinefubine on the Heart Rate 

Cat— 3 2 kgm. body weight, 0 8 gram per kgm. urethane and 0 06 gram per kgm. chlora- 
lose. 

II -It “ Heart rate, beats per minute; B P = carotid blood pressure, mm. Hg. Time in 
30 seconds, Intravenous injections at / and S-40 micrograms of epinephrine; at 2—0 25 
mgm. atropine sulfate. 

wave shape, but merely records the peak voltage of the Q.R S. complex ns a single impulse 
On the other hand as a device for continuous recording of mechanical impulses, it holds a 
diversified field of usage , already it has been sotisfactonly used as a drop recorder. 

Results. Figure 4 demonstrates the changes of the heart rate of an anes- 
thetized cat caused by epinephrine. Tlie injection of 40 micrograms of epineph- 
rine is followed by a marked decrease of the heart rate from 210 to 150 per 
minute, due to activation of pressoreceptors in the carotids and aorta, xvith con- 
sequent stimulation of tbo vagus. Within 5 mimitos the heart rate returns to 
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Its onpnal level. Atropine (0.25 mgm.) incrca.sos the heart rate to 258 heats 
per minute. A subsequent injection of epinephrine (40 microKrams) now 
causes a sharp ri.=e in the heart rate, together with a much more marked rcsironse 
of the blood pre.ssurc. 

l^'igure 5 demonstrates the changes of the heart rate of a rabbit following the 
intravenous injection of carbaminoyi choline (Lentin). Graded doses of tiii.s 
compound (1, 2 and 3 microgi-ams) produce graded raspon.scs in tlic heart rate, 
decreases of a maximum of 24 (1 microgram), 48 (2 micrograms) and 150 beats 
per minute (3 microgram.s) being recorded in this experiment. 74ic simultane- 




II L<i_n 


ii 





2 3 4 


5 


6 


Fio. 5. Effixt of CAKnAMi.vovi. Cnoi.i.vE o.v Tin; ItEAitT Hate 

linbbit; ,3.0 kcm. body weiglil; 0.8 gram per kgrri. urethane and 0.0(1 pram per kpin. 
chlornlo.'ic. 

II. U. = Heart rate, beats per minute. 

Ii. P. = Carotid blood prci-.surc, mw. Hg. Time in 30 second^. Imravennns injcction'i 
of carb.aminoyl choline at /-I microgramj at S-2 micrograms; at .3-3 inierogr.ims; al 
microprams; al C-3 mieroprams. At 4-0.25 ropm. of atropine sulfate. 

oti.F change.s in the Irlood /ire-ssure are only slight and are of .shorter duration than 
the corresponding changes in the heart rate. I'lie .administration of atrojiine 
raise-s the frequency to 290 beats per minute and abolishe.s the effecl.s of .sub- 
sequent injections of carbaminoyi choline upon both the heart rate and the blood 
pre.ssure. 

The effects obtainetl with epinephrine and carbaminoyi choline demonstrate 
that change.s in the heart rate due to vagal .stimulation are of con.sideralily 
longer duration than the concomitant changes in the blood pre.s.sure. M licrra" 
the blood pre.ssure returns to it.s original level witliin 90 .st-conds, about 5 miniitt'^ 
are required for the heart to attain its previous frequency. In the atropin'r'd 
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animal, on the other hand, the period of acceleration of the heart rate follo^^ing 
epinephrine coincides with the duration of the effect upon the blood pressure. 

SUMMARY 

1. A method is described which permits the continuous recording of the heart 
rate on an ordinary’ smoked paper or ink kymograph. 

2. Epinephrine (40 micrograms) and carbaminoyl choline (1-10 micrograms) 
decrease the heart rate. The depression of the heart rate due to vagal stimula- 
tion lasts considerably longer than the concomitant changes in the blood pres- 
sure. 

3. In the atropinized cat, the increase in the heart rate following epinephrine 
is of the same duration as the increase in blood pressure. 
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Discrepancies between tlie potency of digitalis preparations or of individual ' 
glucosides, expressed bj' biological units, and their efficacy in therapeutics, have 
repeatedly been pointed out by numerous investigators. Bioassays in animals, 
based upon toxic effects produced bj' parenteral injection, disregard differences 
in absorption, tolerance, cumulation and other properties which arc of utmost 
importance in clinical application. Although a bioassay is indispensable at 
present to ensure uniform strength of a digitalis preparation, the potency 
established in animals is applicable to man within certain limits only. Two 
preparations of different composition possessing t he same potency in one animal 
species do not necessarily produce identical effects in man, and further evaluation 
of the merit of a given preparation rests upon clinical obsers'ation. Apart from 
consideration of differences in chemical structure and physico-chrmical pro- 
perties, which have been the object of numerous investigations on stability, 
potency, absorption and elimination of digitalis and its allies, there remains the 
question whether there are qualitative differences in the specific cardiac effect 
among different glucosides. That such differences in the pharmacologic effect 
upon the heart exist, is the assumption of many clinicians (1). But, according 
to Cattell and Gold (2), “Conclusive experimental evidence bearing on this pro- 
blem is wanting.” Gold and coworkem (3, 4), compaiing G widol}' different 
preparations including tincture of digitalis, digitoxin and ouabain in unancs- 
thetized cats, were unable to find qualitative differences in the cardiac action 
as measured by the electro-cardiogram. A comparison of ouabain and digito.vin 
in their effect upon the isolated papillary' muscle of the cat demonstrated no 
qualitative difference between the two glucosides (2). However, Moe and Vis- 
scher (5), analyzing the cardiac action of three glucosides of Digitalis Lanala in 
heart-lung preparations of dogs, obtained evidence of striking diffcrcncc.s in the 
increase of mechanical efficiency of the heart ns well as in the occurrence of 
cardiac irregularities. Furthermore, significant differences between digitoxin 
and digitoxigenin were obserx’ed (G) in their effects upon the conduction time, 
rate of the .sinus rhythm and the occurrence of ectopic bcaf-s in eats anesthetized 
with ether. 

In view of these conflicting rcsult.s a comparative study on the cardiac action 
of two purified glucosides, digitoxin and ouabain, was undertaken in ane-“tiictizc<f 
c.ats. The data presented in this paper arc intended as a contribution toward 
an analysis of qualitative differences between cardiac glucosides. 

Methods. The experiments were carried out on cats (total number 7.1, 50 males and ^ 
females) varying in body weipht from 2.05 to 4.0 kgm. The animals were anestlietired nil f 
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urethane and chloralosc or with sodium pentobarbital. Urethane (1 gram per kgm. body 
weight) was given subcutaneously in a 25% aqueous solution 2 hours before the intravenous 
injection of -lOmgm. per kgm. of chloralosc. This combination produced a satisfactory and 
apparently constant anesthesia, the comeal and tendon reflexes being present throughout 
the experiment. With sodium pentobarbital it was not possible to obtain uniform anes- 
thesia in all animals by the administration of a single predeternuned dose correlated to the 
weight of the animal. The dose of pentobarbital was 30 mgm per kgm. intrapcritoneally, 
supplemented as required with varying additional small amounts given intravenously. 
The total amount of sodium pentobarbital required for the desired depth of anesthesia 
varied from 40 to 60 mgm. per kgm.; no addition injections were gi%’en during the infusion 
of the glucoside. 

The animals were placed on an operating table heated to prevent a drop in body tem- 
perature. The infusion of the glucoside into a jugular or femoral vein was given by a pump 
driven by a constant speed motor.* In all experiments the injected volume was 0.9 cc. per 
minute. The concentration of the solution was adjusted to the weight of the animal and 
calculated to produce death in about 45 minutes. Alcoholic solutions of Digitoxin cryst. 
(Merck) and Ouabain (Merck), each of 0.1% strength, were diluted with saline, concentra- 
tions ranpng from 0.0071% to 0 0137% of digitoxin and from 0.0019% to 0.0026% of ouabain 
being used. 

The heart rate was measured and recorded continuously in all experiments by the heart 
rate recorder described by Kniazuk and Unna (7). Blood pressure in the carotid artery was 
recorded simultaneously by means of a mercury manometer. 

The electrocardiogram, visualized on the screen of the oscillograph of the heart beat 
recorder, was observed throughout the experiments, and photographic records w'ere taken 
at frequent intervals whenever required. 

The infusion was commenced approximately 2 hours after the anesthetic had been given, 
when the anesthesia had reached a satisfactory constancy and only when the heart rate was 
constant and tegular. Eight experiments (7 with sodium pentobarbital, 1 with cWotalose 
anesthesia) were discarded because the heart rate of the animals was irregular. The in- 
fusion was carried out until cessation of the heart beat occurred os indicated in the majority 
of the experiments by an abrupt fall in blood pressure and verified by immediate opening 
of the thorax and inspection of the heart. The experiments with digitoxin and ouabain 
were alternated. 

Results. Infusion of digiloxin. Two scries of experiments xvith digitoxin 
were carried out, one with sodium pentobarbital anesthasla, the other with ure- 
thane-chloralose anesthesia. The data obtained in the two series, involving 11 
and 10 cats respectively, are summarized in tables 1 and 2. 

Figure i presents the record of a typical e.xperiment. The decrease in heart 
rate (sinus rhythm) was almost negligible during the infusion of the first third 
of the fatal dose. Thereafter a gradual decrease amounting to 22,5% of the 
original rate took place. In the majority of the c.\-pcriments, the heart rate was 
.slowest when the fir-st ectopic beat was noticed. In a few e-\periments the slowest 
sinus rate w’as ob.'^erx’ed 1 or 2 minutes before the occurrence of ectopic beats, 
the heart beat, still in regulai sinus rhythm, being accelerated b^' 6 to 18 per 
minute during this brief inteiwal. The slowing of the heart rate was verj' vari- 
able in individual experiments (from 0-51%, see tables 1 and 2); in some, no 
significant decrease wa-s obserx'ed at all. Apparently, the frequency of the 
heart beat at the beginning of the infusion bore no relation to the degree of 

* The infusion pump \ias constructed by Mr. M. Kniazuk at our laboratory. 
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slowing produced by the infusion of digitoxin. The wide variation in the decrease 
of the sinus rate was the same with cither type of anesthesia. 

TABLE I 


Infusion of digitoxin in cats anesthetized with sodium pentobarbital 


NO. 

WEIGHT or 

Dt:»ATiON or 

SATE or 

SLOWEST SfVfS KATE 



CAIDIAC 

ANIMAL 

i.vrustON 

XNFCSiON 

Before 

ufuston 

Dutinj? 

infusion 

SINfS SATE 

FATAL DOSE 

ttSTGClAflTT 

KISE 


k(m. 

fHfn. 

rntm./mtnj 

kgm. 



Pfr Cfnt 

rtsm./it. 

^er Cfnt aj 
/j/jf dift 

9 

2.7 

56 

0.0075 ^ 

212 

144 

32 

0.421 

73.7 

10 

2.2 

39.3 

0.0074 

202 

190 

5.9 

0.291 

• 73.0 

n 

3.1 

54.8 

0.0071 

272 

25S 

5.1 

0.387 

71.0 

17 

3.2 

59 

0.0102 

270 

200 

25.9 

0.600 

67.5 


3.6 

46 

0.0113 

210 

186 

11.4 

0.521 

72.5 


2.5 

54 

0.0096 

; 213 

213 

0 

0.516 

88.0 


2.6 

4S 

0.0090 

194 

156 

19.5 

0.433 

71.0 


2.5 

64 

0.0096 

236 

ISS 

20.5 

0.612 

73.5 


3.0 

80 

0.0103 

184 

134 

27.2 

0.S20 

71.0 


2.67 

43 

0.0116 

174 

158 

9.2 

0.498 

80.2 

HH 

2.47 

3S.2 

0.0125 

186 

144 

22.5 

0.478 

78.6 

Mean.... 

0.507 

IlM 


0.042 

IhM 
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TABLE 2 


Infusion of digitoxin in cats anesthetized with urcthanc-ckloralosc 






; SLOWEST smes SATE 



CAtOXAC 

NO. 

WEictrr or 

DUBATIOS or 

SATE OF 



DteSEASE IN 

FATAL POSE 




AIUUAI. 

isrusioN 

IN'rt'SlON 

Before 

Durlas 


DOSE 





infuAion 

infusion 





kgrt. 


msm./rtin./ 

kgm. 



pet cent 

mm.fktnt. 

per cent cf 
Jatsl date 

5 

2.5 

37.4 


208 

193 

7.2 

0.360 

81.0 

6 

3 0 

44.4 


■m 

170 

7.3 

0,467 

72.1 

23 

3.35 

42 

0.00S3 

226 

ISO 

17.6 


76.2 

24 

3.7 

62.4 

0.0074 

ISS 

ICS 

10.5 

0.459 

80.2 

25 

2.9 


0.0083 

151 

118 

23.4 

0.414 

72.0 

26 

4.0 

54 

0.0082 

270 

174 

35.5 

0.415 

7TT7 

27 

2 95 

71 

0.0077 

MO 

93 

33.5 

0.519 

78.9 

29 

3.0 

C7,7 

0.0084 

152 

106 

30.2 

0.570 

72.9 

30 

3.45 

68 

0.0097 

174 

81 

51.7 

O.GOl 

63.3 

56 

2 55 

44 

0.0104 • 

210 J 

150 

t 

27.8 

0.4C0 

81.2 

Mc-an 







0 474 

75.9 

Standard error 







it • ^ 
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In the experiment prt^ented in figure 1 the first ectopic heats were oh'-eivoi aiK'r 
the infusion of 7S.()% of the fatal dose, the normal sinus rliythm was aho)i'/i«i, 
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ventricular tachycardia being responsible for tlic steep rise of the recorded 
heart frequency. 

The dose of digitoxin injected until the occurrence of the first ectopic beat — 
“Cardiac Iriegularity Dose,”- expressed in per cent of the fatal dose — bears a 
remarkabl 3 ' constant relation to the fatal dose. Under sodium pentobarbital 
anesthesia (table 1) the cardiac irregularity dose is 74.5% with a standard error 
of onlj'^ ±1.7 -(11 experiments), wherea.s the standard error of the fatal dose 



FlO 1 InFI/SION of Dioitoxi.s 

Cat, 2.45 k ■ . • 1 . • .’ Heart rate, beats 

G er minute. ■ ' ■ intervals 30 seconds. 

esinninc of arrow Fnt.aldosc- 

0.47RmKm.pc tlie fatal dose 

(0.507 mgm. per kgm.) is relativcK' much larger (±0.042). In tiic seric.s of 
experiments carried out in urcthanc-chloralosc ane.sthc.sia, the same relation 
between the occurrence of irregularities and the fatal do.se was found (table 2), 
the “cardiac irregularity dose” representing 75,9 (±1.7)% of the fatal dose of 
0.474 mgm. per kgm. (±0.031). 

*Thi5 term, denning the minimum dose musing cardiac irregularities, lias been used 
by Moc nml 3'i.ssc!ier (5) m .a similar sense. 
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The transition from the sinus rate to an irregular rhythm was in most expert. 
ments sudden and abnipt. :Made distinctly audible by the heart beat counter 
and visible on the fluorescent screen of the electrocardiograph, the beginning of 
the irregularity could be precisely timed. In no case was a return to^ rcgtilar 
sinus rhythm obsen'cd after the occurrence of the first hcterotopic ventricular 
beats. No detailed anal 3 -sis was made of the character of the irregular heart 
rate, 'i’entricular tachj'cardia uith frcquencias from 250 to 300 was most 
fiequonth' observed, in other experiments the frequency fell below the slowest 
sinvH rhythm. The .sudden cessation of the heart beat recorded by the heart 
beat counter afforded a sharp end point for the titration of the fatai dose. On 
inspection, the hear t was alwar-s found in systolic contraction. 

TABLE 3 


Infusion of ouabain in ca/s artes/heluc/f mth solium pentoharifilat 



^^'ElCKr Of 

OCTtATlO.V or 

! 

ttKTT. or 

1 sLowrjTT siKvs sun 

j 




ANtUAt 

IN'ft'SfOV 

I.VffSIO.V 

Stfare 

Infusion 

Durin;^ 

infusion 

I sivus iTArc 


lyisi: 


i/W, 

ir.in. 

Pts'm./mtn. 

/i<n. 



ficr rfftf 


Pif (tntef 
/jfaliff.r 

31 

3,10 

75.5 

0.0021 

220 

120 

4.5.4 

0.157 

51 

33 

3.35 

52 

0.0322 

222 

lot 

12.5 

0,113 

40.2 

34 

2.45 

47 

0.0026 

105 

105 

0 

0. 12.0 

6,3 

35 

2.45 

70.3 

0.0021 

ISO 

I4I 

21.7 

0. 140 

59,7 

3fl 

2.95 

48,4 

0,0023 

21,8 

ISO 

17.4 


01.1 

37 

3.35 

S3 


200 

no 

.30.0 

0.122 

CS.2 

38 

2.40 

47.1 

0.0020 

204 

no 

43,1 

0.121 j 

58.2 

30 

2.45 

47.2 


2.32 

m 

I3.I 

O.I2'» i 

Cl. 7 

55 

2.55 

25.2 


264 

220 

13 7 

0.101 1 

C.3.S 

57 


43.7 


193 

174 1 

12.0 

0.113 1 

63.2 

59 

3.54 

45 


210 

183 < 

10. 5 

0,102 I 

68.8 

CO 


30.S 


192 i' 

150 1 

1 

21,9 

0.002 i 

,52.2 

Mean. , 






i 

0.119 

CO. I 

Standard error 





i 

tn.onj 

*2.07 


Ivfusion of otwlmin. Infusion of ouabain wa.s carricfl out in two series of 
e.vpcriments under eondition-s comparable with tliose of the rligitoxin experi- 
ment.s. The data from 12 e.xperiments in sodium pentobarbital anestlnwa and 
from 10 experiment-s in uretbane-chloralose anesthrs^ia are jrrfvented in tables 
3 and 4. Infusion of ouabain produced a derrease in the heart rate wliieii as .a 
rule began earlier than that ob.seivcd with rligitoxin. In the exi>erirnent .shown 
in figure 2, a gradual fleerease wa.« already noticed after the infusion of \o% of 
the fatal dose. However, exoept for the smaller amount of ounimin c-uising 
on.set of the bradveardia, no diflerenee wa.s foural lietween oualiain and digitoxin 
in their effect in slowing the sinus nite. A comparison of the data presented in 
tables 1 to 4 .‘■hows- that rride variatiom-- in the degree of lowering of the heart 
rate were found with ouabain and digitoxin alike, irre.'pt'ctive of the type of 







TABLE 4 


Infusion of ouabain in cata oneathetized tpUh urethanc-chloralose 


NO. 

ANIMAL 

DVKATIOV OF 
l.VTUSION 

SATC or 
tNFCSION 

SLOWEST SIHUS SATE 


TATAL DOSE 

CAIOtAC 

ISaCCULAtllV 

DOSC 

Betore 

Infusion 

During 

Infusion 

SINIS SATE 


Hm. 


n;m /mm. 

/*im. 



ptr cent 

WIW /itm. 

per cent «/ 
fatal dese 

3 

3 00 

43.8 

0 0022 

2$0 

248 

11.4 

0.097 

58.1 

40 

2.55 

36 4 

0.0025 

206 

171 

16.0 

0.091 

59.1 

41 

2 65 

40 5 

0 0025 

206 

200 

2 8 

0 102 

64.2 

43 

2 20 

40 4 

0.0024 

231 

166 

28 1 

0.098 

51.1 

44 

2.65 

38 7 

0 0023 

250 

ISS 

24 8 

0 087 

56.9 

45 

3.00 

51 2 

0 0020 

220 

102 

12.7 

0 102 

66 0 

50 

3.00 

48 8 

0 0021 

180 

150 

16 6 

0 101 

51.2 

51 

3 00 

50 

0 0021 

180 

1S8 

12 2 

0 105 

55.0 

53 

2 70 

46 8 

0 0022 

18S 

108 

42 5 

0 lOl 

55 9 

54 

2 50 

52 

0 O0K> 

182 

136 

25 2 

0 106 

66 2 

Mean . 

Standard error 

0 009 
±0 002 

58 4 
±1 8 




Cat 2 55 ^ 
per minute. 
heRiniunE of 
0 011 mgm pc 


Fig 2 Infusion op Ouabain 

Heart rate, beats 
intervals 30 seconds, 
arrow Fatal dose. 
■ the fatal dose 


2S7 


2S8 


ERICH KRUEGER AXD KL.VUS U.XKA 


anesthesia. An arithmetical average of the tlccrca-sc in heart rate does not 
reveal a significant difTercnce between the action of the two ghico,«ides. 

As nith digito.vin, the slowest sinus rate was recorded in the majority of the 
experiments at the moment when the first ectopic beats were observed, and 
abrupt and complete transition from the sinus riiythm to hetcrotojiic ven- 
tricular arrhythmia was the nilc. In the experiment presented in figure 2 the 
arrhythmia began with a marked ventricular tachycardia comparable with that 
observed with digitoxin in figure 1. However, irregularity of the heart beat, 
coinciding rrith a transient fall in blood pressure in figure 2, occurred at o9.1% 
of the fata! dose. The “cardiac irregularity dose” of oualiain in the 22 experi- 
ments listed in tables 3 and 4, ranged from 40.2% to 08.8% of the fatal do.se 
and was strikingly lower than the irregularity do.se found in the 21 experiment.s 
with digitoxin (tables 1 and 2). The mean cardiac irregularity do.'c of ouabain 
was 00.4% (±2.07) of the fatal dose under sodium pentobarbital anesllie.sin 


TABLE 5 

Difference belicccn the cardiac irregularity ilnser of ouabain and digitoxin 


_. ., . DifToreiice 

oiRnincnncc ratio = 

Error of riiffcrcnrc 


OUABALV 
Urethane-chloraloso 
58.-l% ±1-8 

T 

Sigiiificnticc r.atio 
7.07 

i 

75.0% ±1.7 

DIGITOXIX 

L’rctlianc-cliloralo.sc 


Significance ratio 
0.73 


SiKiiificniirc ratio 
0.58 


OUABALV 
Sodium pcntnliiirliitnl 
C0.t% ±2.07 

T 

SigMificiincc ratio 
.5.27 

1 

7t..5%±L7 

DIGITO.VIV 
Sodium pcntoliarhital 


and oS.4% (±1.8) under urethanc-chloralosc anesthesia. The consistesiry of 
thc.se findings, indicated by comparatively small deviation of the mean, was 
comjiarable to the findings uith digitoxin. The .significance of the tiiffcrenee.s 
found in the four series of experimeut.s is .shoi\ai in table 5. A .significance 
ratio’ of 0.7.3 and 0.5S respectively between the two series with cither ghicoside 
beans evidence, that the occurrence of irregularities is not .significantly irifluenceil 


* The significance ratio is a measure of the proiinhitity tluit the ohserved (iiffcrcncc i.s not 
due to chance. The odd.s against the occurrence of a given iliffcrrncc heing iliw to clmticcin 
random sampliiiR for .a given riKnifiC-ance ratio are. t.ahulatcd. the v.altics for the r.atio? 
calculated .nrc: 

.'oinn.ja.t ralic OHi atai«o itjnrf eunrfritt 

0.,5S Ic5.s than 1 to 1 

0 73 .about I to I 

27 over I 771 OOd to 1 


■ 07 


over ton (too 000 (XX) to 1 
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by the type of anesthesia employed. On the other hand, a significance ration of 
7.07 and 5 27 respectively between the cardiac irregularity doses of ouabain and 
of digitoxin with different anesthetic agents establishes the reality of tlii*^ 
difference. 

Influence of atropine upon the infusion of digitoxin and of ouabain. In an 
attempt to analyze the difference in the cardiac irrcgulaiity dose between digi- 
toxin and ouabain, atropine (2 mgm. per cat) was administered intravenously 
to the animals prior to the mfusion of the glucosidc. Tables 6 and 7 present the 
data obtained in a scric.s of 10 and 12 experiments respectively carried out uith 
digitoxin and ouabain in sodium pentobarbital anesthesia under conditions other- 
wise identical with those in the previous experiments. 


TABI.E G 


Injiision o/ liigitoxin following prcmeihcation wilk atropine (S mgm ) t« cals anesthetized with 
sodium pentobarbital 


NO 

wEicnr or 
ANIUAI 

WEIGHT or 
DBiRT 

DUKA Tt OK 
Of 

ivrusioN 

KATE or ' 

SLOWEST SIVUS 

DECKEASE 
IK SIKUS 

KATE 

rATAl DOSE 

CARDIAC 

iCRECD- 

LARITV 

DOSE 


6<forr 

inlasion 

During 

iafution 


ilsm 



mtn /min 
/*t" 



per etnl 

mtm /t(m 

per eenfe/ 
Jere 

A-14 

3.1G 

14.23 

46 

0.0112 

180 

144 

20 

0 

0.514 

S4 0 

A.15 

2 C5 

9.90 

63 

0 one 

182 

150 

17 

5 

0 732 . 

81.8 

A-16 

2 35 

0.75 

40.5 

0.0126 

170 

146 

14 

0 

0.622 ' 

76.8 

A-17 

2.93 

15 40 

34 

0.0121 1 

216 

230 

6 

5 

0 410 

76 5 

A.18 

2.70 

11 40 

51 5 

0 0115 j 

102 

146 

23 

.0 

0 501 

71.8 

A-2I 

2 03 

13 30 

66.4 

0 0I2I 1 

162 

13G : 

10 

5 1 

0.805 

76.8 

A-23 

3 40 1 

14.30 

46.5 

0 0116 

190 

158 

17. 

.8 

0.510 

76 3 

A-24 

2 60 

11 40 

40.2 

0 0135 , 

170 

148 : 

12 

0 

0 542 

i 75.0 

A-25 

2 90 : 

11.70 

30 

0 0137 1 

154 

125 

18 

8 

0.533 

78.2 

A -26 

3 17 

14 60 

41 

0 0125 

152 

142 : 

6 

5 

0.514 

72 0 

Mean . 

Standard error 

1 0.580 
'±0 036 

77.0 

±1.2 


The intravenous injection of 2 mgm. of atropine produced a moderate increase 
in the heart rate, as recorded in figure 3, and practically no effect upon tlie blood 
pressure when given slowly. The decrease in the heart rate following digitoxin 
was not significantly influenced by atropine, although the variations in the degree 
of the brad^’cardia (table 0) were somewhat smaller than in the experiments 
without atropine. Likewi.se, the decrease in heart rate following ouabain was 
practically unchanged by the injection of atropine. However, its early oaset 
shown in figure 2 appeared to be delayed by atropine (fig. 3) and the progress of 
the slowing of the sinus rhythm in these experiments became comparable to that 
obsor\’e<l with digitoxin (fig. 1). 

The “cardiac irregularity doce” of digitoxin in the atropinized cat (77.0% ± 
1.2, tabic 0) uas not significantly different from that found without atropine 
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(74.5% ± 1.7, tabic 1). On fiic other hand, prcmcdication with 2 mgm. of 
atropine incrca.sed the “cardiac irregularity dose” of ouabain markedly from 
00.4% ± 2.07 (table 3) to 75.8% ±1.4 (table 7), almo.st exactly the figure found 
with digito.vin. Thus atropine, by preventing the early occurrence of irregular- 
ities found characteristic of ouabain in our e.vpcriments, aboli.shed the difTerenres 
in the cardiac action between the two ghicosidcs. This indicates a difforenco 
in the vagal effect between ouabain and digitdxin. 

Discussion. The determination of the lethal dose by the Hatcher method 
followed in general the modifications of de Hind van Wijngaarden (8), except 
that infusion from a burette was rejrlaccd by contimiou.s injection from a pump 

7 


fnfusion of ouabain follouiing prcmcdication with atropine (S mgm.) in cats imcsllictircd ti'ilfs 

sodium peutoharhUal 


KO. 

wcwffr or 
ANIMAL 

wucur Of 

Dint ATI ON 
of 

KATt or 

SLOWrST SINLS 
RATE 

j DfiniEASC 

fATAL POSE 

riknuc 

IRtICL’- 

1 

it {..aK 1 

LVffSioy 



IE3S9 


iXKr 


igm. 

1 £rd«j 

pitn. 

mxm./min. 

/tfm. 



frr crnl 

rrf« 

per etft! rf 

A-t ’ 

2,80 

11.71 

48.2 i 

0.0019 

182 

182 

0 

O.OOI 

.88.1 

A-2 

2.45 

10.45 

44 i 

0.0022 

228 

104 

14.9 


7.5.0 

A-3 

2.29 

10.22 

59.8 

0.0022 

ICO ' 

1.52 

5.0 

0.130 

73.4 

A-} 

2.18 


52 

0.0023 

I9S 

150 

21.2 

0.119 

78.0 

A-5 

3.00 


44.3 

0.0021 

216 

101 

24.0 

0.002 ! 

74.0 

A-8 

3., 10 

17.30 

01.5 

i 0.0019 

150 

138 

11.5 

0,117 

73,2 

A-0 

3. 10 

1 15.45 

57.8 

; 0.0023 

160 

114 

28.7 

1 0.133 

71.5 

A-10 

2.71 

10.15 

45.3 

0.0023 

170 

152 

10.5 


73,5 

A-)2 

2.90 

; 12.90 

49.8 

0.0023 

170 

144 

15.3 

■iliitBi 

T2.3 

A-]3 

3.50 

15.05 

52.8 

0.0020 

KSG 

HO 

24.0 

0.107 

81. .-1 

A-27 

2.72 


52.8 

0.0023 

100 

J2.S 


0.119 


A -28 

3.10 

1^9 

39.8 

0.0024 

258 

234 

9.3 1 

t 

0.000 1 
1 

_l 


1 

Mean i 

0.110 1 

75.8 


Slnntlarcl error. .. jiO.OOl j :i: 


and timt sodium pcntobarlntal or a combination of tirctbano and cijlondo.-e won 
U 5 (mI instead of ether. The mean lethal dose:i of O.'J/d and 0.507 intttn. per Kpn. 
obt.aincd with digitoxin in the two series of e.xperiment.s arc .^iguifieiirilly higher 
than tho.'-e reported by Hang and Woodley (fl) and \\'ee<e (W) (0.318 and 0,33 
mgm. per kgm. respectively), but in better agreement with the values found hy 
Fromherz and Welsch (11), Rothlin (12) and W.alther (0) (O.li, 0.42 and 0.4" 
mgm. per kgm. respectively)'. The lethal ilo.-'i's of 0.009 and O.IIO mgm. prr 
kgm. found for ouabain agree closely with the values detorinineii by hiliinin' • 
and coworkers (13), Haag and Woodley (0), bieb and .tfiilino-. (I ll, l-'rc.mherz 

' The variations in the lethal (loses reported hy 'he v.-irious invcrtipitois m.ay lave h-<-n 
infliionced 1>3*' tlio of iliptoxin from tliffcTcnl ^ourrf «. 
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and Welsch (11), I.encllc (15), Rothlin (12) and Weesc (10), ranging from 0.098 
to 0.118 mgm. per kgm. and ohtainwi in many instances under somewhat differ- 
ent conditions. 

In our cxpoiimcnt.s the standaitl crior of the fatal dose of digitoxin (8.3%, 
G.5%) and particularly of oualjain (2%, 4.2%), is considciably .smaller than that 
reported by or calculated from the data of mast othei- investigators. It would seem 
that the use of a pump to secure an uninterrupted and constant rate of injection 
contnbutes towards a low standard eiTor. Another possible factor in i eduction 



FjG. 3. iNFLVENCfc OF -ATHOPINE I PON THE InFISIOV OF Ol’AB.VIN 
C.nt 3 k^m. Sudiiim pentobarbital .anesthesia Upper traciiiR Heart r.ale, be.ats per 
minute. Lo«er trncinc C.arotid blood pressure, mm Ilg. Time intervals 30 seconds. 
Injection of 2 rngm of atropine bulfate at 1. Beginning of infusion of 0 0021 mgm. per 
kgm per mm. indicated liy arrow Fatal dose 0 002 mgm per kgm. (44 3 mm.). Cardi.ic 
irregularity dose 74 6% of the fatal dose. 

of the standard crroi is the anesthetic agent. Ether, probably .still the most 
widely used anesthetic in digitalis assaj’s on cats, wu'^ used in tlie majority of 
investigations cited above. An excellent critique of its use in digitalis as.says 
ha.s been offered by Hum (IG). It ha.s been demonstrated repeatedly that the 
variation of the lethal dose in cats i.s distinctly smallei when a non-volatilc 
anesthetic such as chloialose (17, 18), dial (17), paialdehyde (IS, 19), chloretone 
(18), or urethane (18) i.s usexi instead of ether; spinal eats were found to yield 
even moiesatisfactoiy results (20,21,27). Oui expenence with sodium pentobar- 
bital and paiticulaily with uiethano-clilorsdo^p tend to.'.iippoit the evidence 
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bvotighi foiwnrd by ^rncdollal(l (21) and others in favoi-of a non-volatile anes- 
thetic agent over ether. 

Tiio decrease in tiie sinus rate following liic injection of either digitoxin or 
ouabain varied considerably. An average decrease of about 20% in the fre- 
quency was recorded in the majority of the c.xperiinent.s' with digitoxin as well 
as with ouabain. The concomitant changes in the blood prcs.sure were slight 
and variable; no correlation iretween the decrease in Iieart rate and the changes in 
Idood pressure could bo o.stablishcd. 

Difforencea between digitoxin and ouabain wore found in tire onset of the 
dccrea.se in the .sinu.s rliythm. In the experiments with digito.xin .slowing of the 
heart late became noticeable after the infu.sion of about 30% of the fatal dose. 
Tilts finding agrees well w'ith tiie ob.scrvation.s of Bauer and Itrindell (22) and 

Slither (G); Robinson and Wilson (23), using tincture of digitalis, likewise 
observed the beginning of bradveardia after 30% of the lethal do.se. In our 
e.xpeiiments with ouabain, on the other hand, .slowing of the heart rate began in 
the majorif}’ of the experiments after onl.v about 15% of the fatal do.se had lieen 
given. 

Irregularity of the licait beat was produced with 00% of the fatal do.se of 
ouabain, wlierea.s with digitoxin cardiac irregnlaritie.s were not observed until 
75% of the fatal dose wa.s admini.stored. The data iirescntcd in (his paper 
demonstrate a con.si.sfcnt rolati'on.ship between (he occurrence of ectopic heats 
and tlic fatal dose, and a significant dilTcrcncc in this rclation.sliip lictwccn digi- 
toxin and ouabain. Following the infu.sion of digitoxin under ether' ane.sthc.sia, 
beginning of I'cntricular rhythm has been found by rianellcsand \Vorncr(23) after 
70%, b.v Bauer and Rcindell (22) after GS%, and h.v Walker (0) after 01 % of the 
fatal dose. These authors obseiwcd tlie early occuncnce of occitsional ex- 
t’.as.vstoles and a gradual change to a ventricidar rhythm, whero.r.s in our experi- 
ments the trairsition from .sinu.s rliythm to hetcrolojiic ventricular rhythm was 
sharply denne.'l. Gold and ceworkei.s (3, -i) in c.xpcrinicnl.s conducted with local 
lathcr than general anc.sthesia f.aileii to cblain evideme for a significant differ- 
ence in the occurrence of ectopic beats b'-twcci digitoxin and ouabain. They 
state tliat the earl.v appc.arance of ectopic, beats was often due to struggling. 

In view of the wide variations of ibcir resnUs, probably due to the technique 
their evidence against a po.s.sililedifIerencc in the cardiac action between digitoxin 
and ouabain ap[icar.s fiardl.v coiiehisivc. 

At ropinizntion of the animat did not cause a .sy.stcmatic change in the fatal 
doses of digitoxin and ouabain for the value for digitoxin iiicrca.scd, whereas (hat 
for ouabain wa.s .slighth- ih’crcased. LeiwUo (2r)l rcportixl a slight dccrca.sr‘ in 
toxicit.v both of digito.xin and otialiain in atropinized cat.s ancstliclizfsl witli 
trihromctlianol. In our cxperinicnts with atropine, botli digitoxin and ouabain 
produced .slowing of the heart rale lo a. degree comparable to that ohscrml 
without atropine. However, the early onset of tlie bradycardia oli-cn'cd with 
ouabain was delayed when atrojiine had heen given. 

Cardiac irregularities following digitoxin occurred at praclicaily the .same 
fiaction of the lethal dose in hotli scrinsof e.vpcrirnciit.s, with an wiliiout airopinc. 
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On the other hand, the “cardiac irregularity dose” of ouabain was regularly and 
significantly increased in animals which received atropine. The onset of cardiac 
irregularities after the infusion of 75.8% of the fatal dose of ouabain in the at- 
ropinized cat corresponds well with the findings of Hoekstra and Schleusing (26) 
on vagotomized cats. These authors reported that sudden and sharply defined 
change from sinus rhythm to a hetcrotopic ventricular rhythm occurred after 
the infusion of 75% of the fatal dose of ouabain in 5 cats anesthetized nith 
tribromethanoh 

In the cats premedicated with 2 mgm. of atropine, cardiac irregularities due to 
the infusion of ouabain were found at the same percentage of the lethal dose as 
with digitoxin, and no striking dilTcrence in the character of these irregularities 
(heterotopic ventricular beats) was evidenced bj' the electrocardiogram. These 
findings permit the conclusion that the difference in the onset of cardiac irregu- 
larities between the two glucosides is due to a particular effect of ouabmn upon 
the vagal neiw’e, which can be suppressed by atropine. 

Acknowledgment. Appreciation is expressed to Dr. S. Feitelberg for the statis- 
tical interpretation of the results and to Mr. J. G. Greslin for valuable technical 
assistance. 


SUIUUART 

The toxic effects of digito.xin and ouabain Were studied in 05 cats anesthetized 
with sodium pentobarbital or with urcthane-chlorabse. 

1. A coasistent relation.ship was found between the appearance of cardiac 
irregularilie.s and the fatal dose of each glucosido. Cardiac irregularities occurred 
after the infu«ion of about 75% of the fatal dose of digitoxin; with ouabain, they 
appeared after the injection of about 00% of the fatal dose. 

2. This difference in the cardiac action between digitoxin and ouabain was 
found to be the same regardless of the type of anesthesia employed. 

3. Atropine delayed the occurrence of irregularities following ouabain until 
about 75% of the fatal dose had been injected; it did not influence significantly 
the occurrence of irregularities produced bj’ digitoxin. 

4. The results are interpreted as evidence for a difference in the cardiac action 
between digitoxin and ouabain in cats. Ouabain exerts an effect upon the vagus 
which can be suppressed by atropine; digitoxin docs not hav’c this effect. 
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In a pre\ious paper (1) the action of cinnamylephedrine on smooth muscle 
has been described. Although Ehrhart (2) reported that cinnamylephedrine 
possessed local anesthetic properties, he published no quantitative data. It 
seemed desirable therefore to make a quantitative study comparing the d, I, and 
racemic forms of cinnamylephedrine with well established local anesthetics 
such as procaine and cocaine. 

The usual laboratory procedures were used in evaluating the cinnamylephe- 
drines as local anesthetics. 

I. Rabbit's corkea. Surface anesthetic potency was determined by the rabbit's cornea 
method as employed by Sollmann (3). The rabbit was placed in a wooden box with its 
head protruding at one end. The eyelashes were clipped A solution of the drug to be 
examined was placed, by means of an eye dropper, into a pocket formed by pinching the 
lower eyelid. The pocket thus formed was flooded with the solution for one minute. The 
animal was then released. The wink reflex was determined by bringing the dull point of a 
pencil along the side of the bead and touching the cornea in several places. Absence of the 
wink reflex was taken as evidence of anesthesia. 

If the first application did not cause complete anesthesia, the conjunctival sac of the 
animal was filled again, but this time the animal was released immediately and not held for 
one minute. The duration of anesthesia was considered as the time from the last applica* 
tion until the ^s*ink reflex completely returned to normal. The compounds, in the corneal 
tests, were compared with cocaine. All substances were in the form of the hydrochlorides 
and were dissolved in 0.73% NaCl. 

The results are sho^m in table 1. The term “incomplete” signifies that anes- 
thesia was present but submaximal. The minimal effective concentration of 
cocaine was found to be O.5%, while the smallest concentration of the cinnamyl- 
ephedrines found to produce surface anesthesia was 0.05%. All of the isomeric 
forms of cinnamylephedrine possessed the same minimal effective concentration, 
but the duration of action of the d form seemed to be somewhat longer than that 
of the I isomer. These data appear to show that the cinnamylephedrines are 
about ten times as potent as cocaine as surface anesthetics. 

The cinnamylephredrine compounds caused considerable capillary engorge- 
ment of the palpebral conjunctiva and pitting of the cornea when used in con- 
centrations of 1 and 2%, but concentrations smaller than 1% caused no detectable 
irritation. Ten per cent f-ephedrine possessed no surface anesthetic potency. 

In the above experiments, although the usual mydriasis followed cocaine, no 
corresponding effect was observed after cinnamylephedrine. 

i This work was supported by the generous aid of the W’. E. Weiss Fellowship Fund. 
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II. The HOTfAH iHTBADEnstAL WHEAL. Thc procedure used was similar to that of SoU- 
roann (4). The flexor surface of the forearm was washed with 70% ethyl alcohol and 0.4 
cc. of a sterilircd solution of the drug was injected intracutancously. The anesthesia was 
tested by noting the loss of sensation to pin pricks as compared noth surrounding area of the 
skin. The subject’s head was always turned so that he could not see the area touched and 
he reported his sensations to thc operator. The drugs were used in the form of the hydro- 
chlorides and were dissolved in0.73%NnCl. Procaine was used as thc standard for com- 
parison in thc wheal tests. 


TABLE 1 

Anesthesia of the rabbit's cornea 


% COHCDt- 

COCAINE HCl 

d-C£KNAJfYtEWm>»l3^t 

HCl 

l-cowAMVLmrro- 

UNZlICl 

dl-cDf?rA\rvLmitDiijn: 

HCl 











No. 1 

Aver. 

No. 

Aver. 

No. 

AVCfr 

No. 



1 etper. ! 

duration 

exper. 

datatioa 

exper. 

duration 

eipcr. 

duratloa 


1 

pttnuUs 1 


tntfiulrt 


ntnuf(s 


ninuUs 

2 

3 

47 i 

3 

183 

3 

147 



1 

3 

23 

3 

123 

3 

04 



0.5 

3 

20 

3 

88 

3 

67 



0.4 

3 * 

incomplete 

1 






0.25 

3 

incomplete 

4 

63 

4 

02 



0.1 

3 

none 

3 

57 

5 

20 



0.05 



3 

42 

3 

23 


32 

0.04 



: /i 

30 

3 

none 


incomplete 



! 13 

incomplete 





0.025 



3 

1 incomplete 

3 

none 

1 

incomplete 









none 

0.01 



3 

none 

3 

none 




The lesults are sho^^•n in table 2. In two human subjects, thc minimal effec- 
tive concentration of procaine was shown to be 0.05%. Under the same c.xperi- 
mental conditions, the f-cinnamylephcdrine and the df-cinnamylcphcdrino pro- 
duced local anesthesia in both subjects when concentrations ns small a.s 0.005% 
were used, and in one subject when 0.0025% was injected. rf-Cinnamylcphedrinc 
produced local anesthesia in both subjects when given in a concentration of 
0.0025%. When 1:50,000 epinephrine HCl was added to cither procaine or 
d-cinnamylcphedrine, the duration of action wa-s increased greatly, but thc mini- 
mal effective concentrations were not altered. 

One per cent solutions of the cinnam 3 ’lcphcdrinc compounds produced necrosis 
in the injected area, while the more dilute solutions produced var 3 'ing degrec.s 
of ciythcma which persisted from twelve to twenty-four hours. No significant 
differences in the results were observed if the cinnam 3 'lcphodrinc IICI solutions 
were regulated to pH 7.4. 

/-Ephcdrinc caused considerable irritation when it was injected, but ncA erthc- 
less produced anesthesia in thc higher concentrations, i.e. 0-1% ntore. If 
Z-cphedrinc HCl solutions were adjusted to pH 7.4 the irritative effect ruts 
diminished, but duration and minimal effective anesthetic concentration ntre 
unchanged. The 1-cphedrinc solutions were tested for their puritv’ pol.an 
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scopically, and preparations from tw*o different commercial houses were exami- 
ned for their local anesthetic effects. 

III. Anesthesia, of the motor nerve op the pboq. The excised sciatic nerve and 
gastrocnemius muscle were placed in troughs which were cut in a paraffin block. Ringer’s 
solution bathed the preparation with the exception of a short length of the nerve trunk 
which was immersed in a solution of the drug to be tested. The excitability of the prepa- 


TABLE 2 

AneslAesta from human intradermal wheal 



WRBOVr EKKIPAKINE UCl 

, WITH 1:50,000 EPIKEPSHD.'E 
HCl 

COKC. 

Duntion 

procaine 

HCl 

Duretiao 

Duretion 

Duretlon 

1 DotiLioa ephedtine HCl 1 

Ducftllon 

BuratioD 





Semple 1 

Semple II 


CED HCl* 


mi'tiiilfi I 

miHubr 

tninuUt 

minuUt 

niimtet 

nttvlti 

miiiules 

ninulti 

1.0 


>200 

>200 







0.0 

” (HI) 

>200 

16Q 



“ <”*> 

f, (»!) 

>200 

>200 

>200 

>200 

0.1 

m 




S'” 

1 (!l) 

.f. '•”> 

” (.Ml) 

0.00 

l™ 




0 

0 

0 

0 


ISS »"'> 

0 023 

S<»> 


M OM) 




S'” 

.!i '«» 

0.01 

0 

0 

1? «•» 






>■> 

0.005 


<"> 


.S'” 




r."” 

0.0025 



"<m 

S'” 





O.OOl 


0 

0 

0 




0 



0 

0 

0 




0 


* Ciniuunylepbedrinfl dnctxo. 
t Cinnamylephedrme leyo. 

I Cinnoisylcph^drioe rAMcnic. 


ration was tested by applying to the distal end of the nerve, a simple break shock from the 
secondary coil of a Harvard Inductorium which was set at 12 cm. When the preparation 
failed to respond to the above stimulus, the time mis recorded and the block was consid- 
ered to be complete. The anesthesia of the motor nerve was found to be reversible. All 
compounds nere compared with cocaine by using paired sciatic-gastrocnemius prepara- 
tions from the same frog. The hydrochlorides of the compounds studied were dissolved in 
0.7% NaCl. 

The results arc shown in fable 3. One percent solutions of cocaine, d’, I, and 
dl-cinnamylephedrine, and 5% f-ephedrine effectively blocked the sciatic nerve 
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of the frog. The onset of anesthesia varied considerabl 5 ' in tiie %'arious prepara- 
tions and conclusions of a quantitative nature cannot be drawn from these data. 

IV. Spinai, anesthesia in frogs. The technique of Bietcr, Han-cy, and Burgess (5) 
for intraspinal injections in frogs was used in this study. 

The hydrochlorides of the compounds were dissolved in 0.74% NaCI. The concentra- 
tions of the solutions injected were arranged so that volumes injected were no less than 0.03 
cc. or no greater than 0.15 cc. Injections were made with a tuberculin syringe fitted with a 
twenty -seven gauge needle. Each frog received no more than one injection. The failure 
of the frog to wdthdraw its feet from 0.5 per cent hydrochloric acid within thirty seconds 
was considered indicative of spinal anesthesia. 

Male winter frogs (Rana pipiens) kept in a tank at about lO'C, were used in this work. 
After injection the frogs were placed in a quarter of an inch of running water at about 15'C. 
No attempt was made to control posture. 


TABLE 3 

Onset of anesthesia in frog’s motor nerve 


1% CEL* 

COCAXVZ 

1% CEDt 

1% 

cocAnn: 

IVo CERt 

COCAIJTC 

5CS 

miisUKr 

COCAlKt 


niflutei 

ninulti 

fHtnu/rs 

niftuUs 

ftiinvtes 




23 

24 

39 

28 

31 

37 



49 

34 

43 

43 

43 

37 

! 28 


33 

37 

37 

42 

GO 

36 

14 


22 

30 

28 

•45 

35 

57 

50 


37 

30 

42 

32 

45 

26 

52 

AV..22 

29 

3t 

38 

38 

44 

48 

48 


* Cinnamylephcdrine Leva. 
t Cinnamylephcdrine Dexlro. 

J Cinnamylephcdrine Racemic, 


The results are shown in table 4. The minimal anesthetic dose, or the dose 
which ane.sthetized 50% of the animals, was about 0.015 mgm. per gram for 
procaine, and about 0.01 mgm. per gram for d-cinnamylcphcdrinc and 1-cin- 
namylephedrine. There were no striking differences in the onset and duration 
of the anesthesia produced by' the above compounds. 

It has been shown elsewhere 1-ephedrinc also effects nerve conduction when 
injected intraspinally (6). 

All animals recovered from the injections. When the higher do.sc.s were in- 
jected it was not possible to determine the e.vact recovery' time, however, rcflo.’C 
tests made about twelve hours after the injections indicated th.al the animal had 
completely recovered. 

V. Toxicity .and sy.mpto.ms of cixxAMVi.ErnEDniXE in xuce. roxicily* 
determinations were made on male and female gray’ mice of the Strong CHI 
strain. These animals, weighing between 16 and 25 grams, h.ad been kept on n 
uniform diet preceding experimentation, and then were fa.sted 2-1 hours licfore 
the subcutaneous injections. Botli I- and d- forms were im’cstigatcd ; the re.-ults 
are shown in table 5. 
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Evidently for mice the subcutaneous LD 50 of Z-cinnamylephcdrine is approxi- 
mately 160 mgm./kg., while the d- form exhibits an LD 50 of about 75 mgm./kg. 
It is interesting to note that although the I isomer shows somewhat greater spas- 
molytic and depressor effects than the d isomer (1), the latter is twice as toxic. 

TABLE 4 


The aneaihetie effect of inlratpinal einnamylepkednne HCl and procaine ECl on the frog 


sxcc 

DOSE 

NO or 

ANIUAia 

% 

ANZSTHETIXCS 

AVES. ONSET 
ANESTHESIA 

AVE«, DtJlATIOK 
or AKESTHZSIA 


mt /tM 



ninutef 

tniiiuUs 

Procaine 

0.010 

8 

12.5 

16 

10 


0.015 

1 ^ 

44 

6 

13 


0.018 

1 ^ 

67 

4 

54 


0.020 

1 9 

78 

9 

35 


0.030 

10 

89 

5 

36 


0.045 

7 

100 

3 

45 

I-Ctnnamylephedrine 

.005 

8 

0 




OOS 

8 ! 

25 

4 

74 


.01 

8 

50 

8 

60 


02 

8 

89 

6 

9S 


03 

8 

100 

4 

160 

d-Cinnamyiepbedrine 

.005 

8 

12.5 

5 

13 


.003 

8 

12 5 

19 

9 


.01 

8 

62 5 

15 

' SO 


02 

8 

75 

8 

91 


.03 

8 

100 

3 

200 


TABLE 5 


Toxicity of I- and d-cinnamyJephedrine for mice 


DOSE 1 

EEVO- 

roEu 

DEXiEo-row 

No of mice 

Ftulity 

No. of mice 

F4t*lity 

mrn /iiit 


% 


% 

50 

5 

0 

14 

0 

60 


1 

20 

20 

75 


t 

33 

4S 

100 

19 

11 

30 

70 

135 

30 

1 23 



150 

30 

53 

12 

75 

180 


j 

7 

1 100 

250 

6 

1 83 



300 

6 

83 


i 


Following the injections the animals showed general depression, unsteadj' gait, 
and later hyperexcitability and clonic convulsions after which they either recov- 
ered or showed signs of central nervous system depression and died. Convulsions 
usually preceded death. The d- form produced convulsions which were of a 
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more rapid onset and a longer duration than tlie I- form. Genera! deprci^.don, 
which usually preceded the con\'uIsions, vwis more prominent in the nnira.als 
injected mth the levo- form. In man3" instances mfh both forms of the drug, 
the tails of the mice were erected, as after morphine (Straub effect). 

Discussion. The local anesthetic properties of ephedrine were demonstrated 
in an earlier paper (6). 

Derivatives of cinnamic acid and cinnamic alcohol have been sliomi to po.sscss 
local anesthetic properties (4, 7, 8, 9). Read (10) has shovm that bcnzjd ephe- 
drine is about tu-icc as active as procaine when tested by the intradcrmal wheal 
method. Cinnamj’lcphcdrinc resembles benzjdephcdrine in that it combines 
ephedrine with an arj’l group which has been shown to possess local anesthetic 
properties. I^Tien the results shown here are compared with those of Read with 
benzjdephedrinc it appears that cinnamj’lephedrine is much more potent th.an 
benzylephcdrine as a local anesthetic, since the data shown in table 3 indicate 
that cinnamj’lephedrine is about ten times as potent ns procaine. 

It is of considerable interest to note that the d- form of cinnamj'lephcdrine 
produces corneal anesthesia of longer duration than the I- form, although the 
latter has a greater depressant effect on smooth muscle (1). 

SUXOIARY 

1. Cinnamylephedrine (d, I, and dl) is about ten times as potent a surface 
anesthetic as cocaine when tested by the rabbit’s cornea method. Irritation 
occurs when concentrations of one percent or greater arc used. 

2. When tested by the human intradcrmal wheal method, cinnamj'lephcdrine 
(d, I, and dl) is, about twenty times as potent as procaine. Tlie compound is 
somewhat irritating and causes an ciythema which persists from twelve to 
twenty-four hours. 

3. One per cent cinnaraj’lephedrine (d, I, and dl) is capable of blocking the mo- 
tor nerve of the frog. 

4. Cinnamj'lephedrine (d and 1) produces spinal anesthesia in frogs, being 
slightly more active; than procaine in this respect. 

5. /-Cinnamj'lephedrinc is about one-half as toxic for mice as the d- form. 

The helpful advice of Dr. H. G. Barbour is gratefullj’ acknowledged. 
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The literature dealing with the effects of drugs on the stomach is rife ^\-ith 
controversies. This work was undertaken in an attempt to explain some 
known effects of morphine and to present some new features of its action. It 
has been reported by Slaughter and Gross (1) that physostigmine potentiates 
the effect of morplune on the intestine of unanesthetized dogs, on blood pressure 
in cats and on toxicity in rats. Further, we (2) have shown that prostigmine 
methylsulfate potentiates the effectiveness of morphine in relieving pressure 
pain in cats. Winter (3) has reported effects of morphine on the bladder which 
correlate well with these results. Quite recently McCrea, et al. (4) pointed out 
that prostignune methysulfate enhances morphine miosis. These findings in« 
dicate that morphine acts as a cholineigic drug and Wright (6) has shown that it 
depresses choline esterase in vitro. These experiments suggest that one might 
expect other actions of morphine to be potentiated by cholinergic drugs. 

In this study we have shown that the effects of morphine on the stomach can 
also be potentiated by a cholinergic drug. Prostigmine methylsulfate was used 
as the potentiating drug because it probably has fewer untoward side reactions 
than docs physostigmine. Healthy female dogs ranging from 9.5 to 13.2 kg. 
Were operated upon and a Janeway gastrostomy was made using the upper portion 
of the stomach. These animals were used after complete recoveiy (usually 
tw’o weeks) and at this time there was no leakage from the fistulae. The method 
of Plant and Miller (0) was adopted to record the stomach contractions of un- 
anesthetized dogs. Each animal was used only once a week to preclude any 
possibility of morphine tolerance. 

Results. The results contained in this report are based on 77 observations 
on five dogs. The subcutaneous dose of prostigmine methylsulfate ranged from 
0.025 to 0.06 mgm./kg., while intravenously 0.03 to 0.04 mgm./kg. was given. 
The subcutaneous dose of morphine sulfate employed was routinely 0.05 mgm./ 
kg., except in a few instances where 0.1 mgm./kg. was used. 

Before reporting the effects on the stomach, certain side reactions in these 
experiments following the administration of prostigmine methylsulfate are 
worth relating. With effective doses of prostigmine methylsulfate, skeletal 
muscle twitchings invariably occurred and usually accompanied the initial effects 

^ This work was made possible by a grant to one of us (DS) from Hoffmann-La Roche, 
Inc , Nutley, New Jersey. 

* A preliminary report was read before the Section of Gastro-Enterology and Proctology, 
American Medical Association Meeting, Cleveland, June 2-6, 1041. 
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on the stomach. When these tRitchings were at their peak of activity the 
tonicity of the stomach was usually lowest. As has been reported by Nechelcs, 
ct al. (7), increased gastric secretion from the fistulac occurred with subcutaneous 
doses of 0.06 and 0.05 mgm./kg. and intravenous doses of 0.03 mgm./kg. of pro- 
stigmine methylsulMe. Lacrimation also was often observed and a slight uterine 


TABLE 1 
Analyaia of TtauUa 


Of 

xxrm« 

KENTS 

X>KXTO 

cost 

SOOTEOT 

AfilOKlS* 

TEAnOK 

“CSOAt Emct" 

PEE C3Qs*J 

orcjc* 

rEEXKEjm 

COKTOEK* 

UTOTO 

**r*EAt 

mtcT'’ 

! roiom ot 
Acno.'* 
(AVCUCI) 

12 

Prostigmine 

jMethylBulfatc 

mtn.fit. 

0.05 

Subcu- 

taneous 

Decrease in amplitude 
and rate of contrac- 
tions plus decrease 
in tonus 

91.7 

ninuUt 

00 

9 

Prostigmine 

Mcthylsulfate 

0.03 

Intra- 

venous 

Rapid fall in tonus with 
complete cessation 
of contractions 

100 ' 

10-20 

5 

Prostigtnino ; 

Mcthylsulfate : 

0.025 

Subcu- 

taneous 

No effect 

100 


5 

1 

Morphine sulfate 

0.05 

Subcu- 
taneous i 

No effect 

100 

1 


14 

Prostigmine 
mcthylsulfate 
0.025 mg./hg. 
folloR'cd in 10 
minutes by 
morphine sul- 
fate: 

0.05 

Subcu- 

taneous 

i 

Marhcd fall in (onus 
plus decreased stom- 
ach motility follow- 
ed by increased tone 
and amplitude of con- 
tractions 

1 

! 33-45 

8 

Prostigmine 
mcthylsulfate 
-t- morphine 
sulfate. Si- 
multaneous ad-| 
ministration | 

0.025 

+ 

0.05 

Subcu- 

taneous 

Fall in tonus plus a de- 
crease in rate and 
amplitude of contrac- 
tion 

f 

t 

87.5 

i 

i 

35 


discharge was some times seen. Defecation usually followed the larger subcu- 
taneous dose .as well as the intravenous dose and attimc.s vomiting occurred. 
Also, follou-ing the administ ration of such doses the .animals were quiet and ap- 
peared to be more drowsy than usual. , i - 

In table 1 are recorded the results on (he stonwch of the ".stand.nrrl dmC-- 
cmployed. A typical tracing of these various effects is .riiou-n in fipire J- 1 
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effects of some of the miscellaneous dosages and dosage combinations are men- 
tioned only in the text. 
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Fia. 1, A. A Typicai. Effect of Subcotaneoos Prostioshne Methtlsulfate on the 
Stomach 

Note the reduction m number and nroplitudc of waves. Time trace, minutes 



Fig. 1, B, A Typical Effect of Inthavenous Pbostigmine Methylsulfate on the 
Stomach 

Note immediate, marhed reduction in tonus with cessation of waves. Time trace, minutes 



Fio I,C. A Typical Effect OP SuBcuTAKEot's Morphine ON THE Stomach 
Note similarity to tracing A Time trace, minutes 

Trial experiments indicated that O.OG mgm./kg. of prostigmine methylsulfate 
administered subcutaneously gave a consistent, marked decrease in tonus plus 
a decrease in the number of contractions. These effects lasted about one and 
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onc-haif hours. However, unfavorable side reactions (lacrimntion, inton.'C 
fibrillar}' muscle twitching and defecation) led us to use a .•^mailer dose (0.05 
mgm./kg.) which gave a similar effect on the .stomach, but did not produce as 
many untoward side effects. As a rule, this do.sc cau.scd a dccrc.vc in the ampli- 
tude and rate of contractions plus some fall in tonus. Even if the tonus Ava.s not 
lowered appreciably, contractions were alw.ays decreased in amplitude and 
frequency. Figure 1, A shows a typical effect. The effect came on in seven 
minutes and lasted one and one-half hours. On occn.sion, following the period 




QOl5Ttn/Kft 
Safe. tltf. 
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WttlCKj 
(Wu 4:(0 



Fio, 2 , A. I>,vt'K OF Actio.s os tjie Stoji.\cji wiie.s 0.025 MO-vt. Ko. or Piiostiomi.sk Mi.tiivi.- 

SL'I.KATK is VisT.D SL*nCCTA.Vi:Of’SLV 

Time tmee, minute.'? 

Fio. 2 . R. Anse.ver of Kffkct os the Stomach nHE.v a Srni.iMis.M. Dose or Monniisr. 

Is Used 

Time trace, minutes 


of decreased tonicity and amplitude of contractions, the return to norm.tl u.is 
followed by an increase in amplitude of contractions. This not a ron.sfanl 
effect, however. 

The effects of intravcnou.s adminEtrafion of pro.stigmine mcthyl.sulfate were 
vor}- interesting, fn figure i U, 0.03 mgm./kg. produced a very rapid fall m 
tomi.s with complete cessation of contraefion.s. Thc.se effect.s la.sted about ten o 
twenty minutes with gradual return to normal. This re,sult wa.s e.'ilremrl} 
con:?istcnt and ocrurred wiiof her the Conn? of fhestoni.nch v/a-s hidi or low. »- 
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result is simibr to that from an effective dose of morphine as regards depression 
of tonicity but the duration of this action is much less than that exhibited by 
morphine. 

We felt, however, that a more valid basis for comparison with the effects of 
morphine might be afforded by the use of a larger subcutaneous dose of prostig- 
mine methylsulfatc (such as 0.05 mgm./kg.) since this dose produced a compar- 
able deprc.s.sion of amplitude and of frequency over a much longer period of time. 

The effects of morphine on the stomach have been well worked out by Plant 
and Miller (G). These authors state the minimal effectiv'e subcutaneous dose 
to be 0.1-0.25 mgm./kg. We found that 0.1 mgm./kg. gave consistent re.sults 
and figure 1, C illustrates a typical response. As reported by Plant and Miller 
(G) this action consists of reduction in tonus and amplitude of contractions which 
lasts for several hours. 

We were interested in obtaining infoimation regarding subthreshold doses of 
prostigmine methylsulfatc and morphine in order to test the potentiation aspect. 
Trial experiments showed 0.025 mgm./kg. of prostigmine methylsulfate and 
0.05 mgm./kg. of morphine subcutaneously to be ineffective individually (see 
fig. 2, A and B). The ineffectiveness of tliis small dose of morphine corrob- 
orates the findings of Plant and Miller (6). 

Potentiative effects of these drugs at the subliminal dose level are seen in 
figure 3, A and B. In A, the inactive subcutaneous dose of prostigmine methj’l- 
Rulfate was followed in ten minutes by the subliminal subcutaneous dose of 
morphine. Prostigmine methylsulfate alone caused no effect, but in about five 
minutes after the morphine mtis given, a typical morphine-like effect on the stbm- 
ach occurred, i.o., marked fall in tonus and marked reduction of stomach 
motility. This lasted about tiiirty-five minutes. Following this effect, a marked 
increase in tone and amplitude of contractions is noted. Thi.s differs from the 
administration of simultaneously administered subliminal doses of prostigmine 
methylsulfate and morphine as seen in figure 3, B. Here the typical morphine- 
like action is noted, but no after increase in tone or amplitude is obseiwed. 

Veach, et al. (8), have reported that on the human stomach the inhibitorj’action 
of atropine is made motor by prostigmine methylsulfate. We therefore per- 
formed experiments to ascertain if such an effect occurs in the dog. We were 
unable to obtain results in our animals which indicated that atropine effects 
on the stomach were reversed by prostigmine methylsulfate. 

Discussion. The results clearly indicate that morphine acts on the stomach 
like a cholinergic drug and is potentiated by a known parasympathetic stimulant. 
That there is true potentiation is evidenced by the fact that small doses of prostig- 
mine methylsulfate and morphine which have little or no effect when used 
singly, produce marked effects when given together. There are two differences 
in the action of small combined doses as compared with a larger (typical or active) 
dose of morphine alone. First, the period of hypotonicity and of obliterated 
contractions is much shorter. Secondly, the increased tonus following the 
morphine-like tonus reduction noted when a subliminal dose of prostigmine 
methylsulfate is followed by an inactive dose of morphine, is never .seen with 
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morphine alone. However, as regards the duration of the lowered tonicity, we 
might add that since 0.05 mgm./kg. of morphine by itself produces no such effect, 
the effect when combined with prostigmine methylsulfate may be regarded as 
typical for this combination. At any rate, the small dose of morphine is effec- 
tively potentiated by prostigmine. 

Prostigmine methylsulfate also causes retention of morphine in the body as 
we have shown in excretion experiments (unpublished). Such retentionmight 
increase the amount of the active form of morphine reaching the loci of action in 
the bodj' and so render a subliminal dose of morphine effective. 

Other signs of potentiation are instances of nausea and vomiting which did 
not occur when either of the small doses was given alone. 

Veach (8) has sho^vn that prostigmine methylsulfate usually causes inhibitory 
effects on the stomach in humans. As previously indicated he reported that the 
inhibitory action of atropine on the human stomach was made motor by prostig- 
mine methylsulfate. He (9) further pointed out that the action of morphine 
consistently caused an increased tonus of that organ. Recently, Hamilton and 
Curtis (10) have reported that atropine plus prostigmine methylsulfate given as 
one injection causes motor effects on the human stomach. In the dog we have 
not been able to obtain any of these effects. 

One might argue that the lowering of tonus due to prostigmine methylsulfate 
was due to the defecation reflex described by Youmans and Meek (11). We feel 
that the obseiwed effects last far too long to be reflex in nature. On the other 
hand, we have repeatedly seen marked decreases in gastric tonus due to prostig- 
mine methylsulfate mthout the occurrence of defecation. Further, to our knowl- 
edge, no experiments have shovim any relation between the effects of morphine 
on the stomach and the defecation reflex. 

As to the mechanism of the production of these effects, it is difficult to be 
specific since it has been argued by most workers that the activity of the stomach 
is dependent upon its previous level of tonus. 

We believe that morphine is a cholinerpe drug and that prostigmine methyl- 
sulfate, a knoivn cholinergic drug, potentiates its action on the stomach. It is 
difficult to explain why prostigmine methylsulfate or morphine alone cause 
chiefly inhibition of this viscus. The work of Brucke and Stem (12) indicates 
that the vagus may contain adrenergically functioning nerves which in this 
instance would be stimulated by a cholinergic meclianism. Ivy and Gray (13) 
have pointed out that with a high tonus, stimulation of the vagus always causes 
inhibition and that even with a low tonus, when atropine has been given pre- 
viously, the vagus stimulation caused a fall in tonus of the stomach. There is 
also the possibility of activation of these inliibitory (cholinergic) fibers at the 
autonomic ganglia where acetylcholine normally is functional in transmission. 

We offer no explanation for the marked increase in tonus and rhythmical 
activity following the morphine-like effect when an inactive dose of morphine is 
given after an ineffective dose of prostigmine methylsulfate, but it was so con- 
sistent in occurrence that we feel it worth reporting. 
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SUMMARY 

1. In appropriate subcutaneous and intravenous doses prostigmine meUiyl- 
sulfate is inhibitorj' to the tonus and contractions of the stomach in unancs- 
thctized dogs. 

2. 'itilion inactive doses of morphine are given following subliminal doses of 
prostigmine mcthylsulfate, a typical morphine-like effect is seen in the stomach 
of unanesthetized dogs. This is followed by a rise in the tonus and by rhidlimical 
activity increased above the normal level. 

3. Indhriduallj' inactive doses of morphine and prostigmine mcthylsulfate 
combined in one iniection produce a typical morphinc-Iike effect on the stomach. 

4. These results indicate that the effect of morphine on the stomach resembles 
that of a cholinergic drug and that it is potentiated by prostigmine. 

5. Using the dog, we cannot confirm the reports of Veach, cl al., and of Hamil- 
ton and Curtis, that prostigmine mcthylsulfate reverses the action of atropine 
in the human stomach. 
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While investigating the effect on the rat’s temperature of non-narcotizing 
doses of central nen'ous system depressants combined -with exposure to cold, 
we encountered a phenomenon hitherto unconvincingly described. This is the 
pjretic action of morphine in sub-hypnotic doses. It was decided to investigate 
this phenomenon in the rat and, if consistent^' present, to analyze its mechanism. 

A survey of the literature reveals that the pyretic action of morphine' has been 
a controversial subject. Starkenstein (1924) in Heffter’s Handbuch der Experi* 
mentellen Pharmakolope, states that “old experiments on animals and man have 
shown that the temperature is raised by small doses of morphine and lowered by 
toxic doses.” The literature was searched for these old experiments. Von 
Schroff (1868) stated that small doses of morphine (up to 14 mgm.) in man, 
cause an increase in the pulse rate and in the temperature of the tongue and hand. 
No figures were given. The experimental work of Gescheidlen (1869) was 
confined to one small female dog with a subnormal temperature (36 8®C.) which 
showed a rise of 1®C. twelve hours after the administration of 5 mgm. of morphine 
acetate. There was no control. From this experiment he concluded that mor- 
phine raises the body temperature of dogs. From observations on rabbits 
Manassein (1871) concluded that medium and large doses of morphine hydro- 
chloride produce a drop in body temperature whereas small doses, ■A to J grain, 
produce at times a rise. The work of Kcrsch (1871) gives the results of 25 
experiments with dogs in which doses of 0.3 to 1.3 grams of morphine acetate 
were employed. No weights or temperature readings \vere given. He states 
that aftermorphine there is a rise of temperature, increased respiration, narrowing 
of pupils and excitement followed later by paralysis, convulsions and death. 
The temperature rise was described when the animal was in the “excitement” 
stage. Kohler (1876) wrote, “the temperature rises after the administration of 
small doses (morphine) and later falls.” No evidence wns cited. Riikert 
(1882) concluded that morphine, regardless of the dosage, produced no tempera- 
ture rise in either dogs or rabbits. Contrariwise, with doses so small that they 
produce no obvious effects, the temperature may fall S^C, while with larger 
doses the drop is greater. Working with rabbits, Gottlieb (1890) reduced an 
experimental brain puncture fever by the use of sub-hypnotic doses of morphine. 
Normal rabbits placed in a warm box (31 to 32'’G.) after the administration of 10 
to 20 mgm. of morphine, exhibited no change in body temperature. 

In 1922 Stewart and Rogoff described hyperthermia in cats after the admin- 
istration of small but exciting doses of morphine. Chahovitch and Vichnjitch 
(1928) found slight temperature elevation in rats after the administration of 
morphine in doses of approximately 50 nulligrams per kilogram. Giradt and 
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Lipshitz (1931), working with rabbits, found tliat morphine hydrochloride in 
doses of 1 to 20 milligrams per kilogram causes a significant drop in temperature. 
Helfrich (1935) concluded from liis researches that morphine sulphate in small 
doses produces considerable pyro.\ia in cats and guinea pigs. This reaction was 
less intense in dogs, mice and rabbits. In 1910 Spragg reported that chim- 
panzees exhibit a decrease in temperature after the first few of a series of daily 
doses of morphine (0.1 milligram per kilo), whereas, subsequent administration 
of the dnig produced no temperature change. 

From the foregoing it would seem that the evidence for a consistent pyretic 
action of morphine is inconclusive. 

Procedures. Young male, albino rats, weighing from 250 to 300 grams, were given 
morphine sulphate (0.75% solution) subcutaneously. Colonic temperatures were taken at 
intervals by means of a mercury thermometer. The animals were allowed water freely 
during the experiments which were carried out at temperatures of about 25"C. AH experi- 
ments were started in the morning and completed in the same afternoon. 

Metabolic determinations were made on the Haldane metabolism train, in a room held 
constantly at 28°C., food and water having been removed from the animals twelve hours 
before the start of the metabolism run.* After an initial hour's run, morphine was admin- 
istered and the temperature was followed at hourly intervals without removing the animal 
from its chamber. The body temperature determinations were made just before each hour's 
metabolism run and after the final one. 

Adrenalectomy and adrono-demcdullation were performed through the lumbar approach 
under anesthesia by ether or intraporitoneal nembutal, .\ftcr these procedures the ani- 
mals were kept in a tbormostat-controllcd warm room (2S°C.). Tlic adrcnalcctoiniicd 
animals were divided into three groups, one of which was allowed 0.9% sodium chloride 
solution, another tap water and the third tap water containing adrenal cortical extract 
(Upjohn), 1 cc. to 30 cc. of water. Since the cortical extract contained alcohol, control ex- 
periments with alcohol wore performed. Morphine was administered 21 hours following 
the operation. 

Hypophysectomy through tlie floor of the sella turcica was performed under ether anes- 
thesia ten days after adrcno-dcmedullation. 

Results. Morphine sulphate in doses of 1, 2, 5, 10, 15 and 20 mgm. per 
kilogram consistently produced a moderate hyperthermia in rats. In most 
instances the degree of pjTexia elicited by these doses was substanf tally the same. 
The fever usually reached its maximum within two hours, then sttbsided .slotviy 
so that vithin five hours after the administration of the drug the temperature Itnd 
returned to normal limits. These doses produced a well developed catalcpsv 
and e.xoplithalmos which ran a course concomitant with the tempemture. The 
critical dose was around 30 mgm. per kilogram. With doses of 40 to 90 mgm. 
per kilogram hyperthermia was absent, and in some instances hypothermia re- 
sulted (figure 1). Catalejisy and exophthalmos, however, occurred maxim.all) 
regardless of the dosage. Tatum lias dc.scribcd a mild form of catalcpsj in 
rabbits after the administration of morphine. ■ ■ < 

Morphine admini.storcd to bilaterally adrcnalcctomizcd rats inaintauicd on 
tap water post-operatively did not induce pyrexia or exophthalmos but did pro- 
duce catalepsy. On the other hand, 20 adrcn.alcctomized animals which were 

* The author is indebted to Dr. M. rui.-il: for the met.aboiic determin-vtions. 
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allowed post-operatively tap water containiog adrenal cortical extract or 0.9% 
sodium chloride developed, after morphine, pyrexia, exophthalmos and catalepsy 
(fig. 2). Since the cortical extract contained alcohol (10%) control experiments 
were carried out which proved that the alcohol was not a factor in the production 
of the pyrexia. 

Two adrenalectomized rats maintained on tap water that received epinephrine 
(0.1 nuUigram) | hour prior to the administration of morphine failed to develop 
pyrexia. On the other hand bilateral adreno-demedullation in eleven rats did 
not prevent the appearance of the morphine temperature rise, catalepsy and 



Fio. 1. Bodt Temperature Changes after the Administratio.v of Morphine Sowhatb 

In every curve, each point represents the average temperature for the number of rats 
given in parenthesis. The dosage, in miUigraros per kilogram of body weight, is given 
with its respective curve. 

exophthalmos. Likewise, hypophysectomy alone or in previously adreno- 
demeduUated rats did not inhibit the roorphinc-mduced pyrexia. 

Metahohe rate tn morphine fevered raf». To determine the changes in heat production 
resulting from the small doses of morphine which produce fever, rat metabolism studies 
were made which are presented in tables 1-3. The COj output of the individual animals 
was taken as the safest index of metabolism because it is collected and weighed directly 
from the animal. However, it was first established as an index of metabolism after small 
doses of morphine (which do not essentially disturb ventilation) by preliminary experi* 
ments in large rats v.eighing about 350 grams. Such a rat untreated yielded 778 mgm. 
COi per hour, while two rats receiving morphine (10 rogrn./kg.) yielded respectively, 723 
and 848 mgm. COi per hour. In the untreated animal the heat production was .137 calories 
per gram per 24 hours, while the corresponding calorics in the morphine treated rats were 
respectively, .139 and .146. In all three experiments the ratio between COt and calorics is 
so nearly the same that the former figure may be used as a metabolism determination. 

There was a 10% increase in metabolic rate associated with the morphine 
pyrexia induced in a series of rats. Adrenalectomized rats, which exhibited some 
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reduction in metabolic rate, showed, however, no increase following the ndminis- 
tration of morphine. 



Fic. 2. Bodv TEMPnnATuitE Changes in AnnENAi-ECTOitizED Rats ArrEit the 
AnjciNisTnATiON OF MonwiiNE ScirnATE 

Each eun’E represents one experiment. The temperature efnanges of the rats that rc- 
ceiveti cortic.al extract nrc represented by broken lines whereas the temperature changes 
of those that did not receive cortical extract arc represented by solid lines. 

The sipn (t) signifies that dc.aih occurred shortly nftcr the last temperature deter- 
mination. 

The dosage of morphine in each experiment wa.s 10 mgm./fcg. 


Acute tolerance for morphine was decreased by adrcn.aleclomy, the drug licing 
found lethal in doses which are non-depressant for the int.net nninw! (fig. 2). 
Contrariwise, after adrcno-dcmcduilation or h\'pophj'.=ectomy the rat’.s folerance 
for morphine did not change. 
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TABLE 1 


Metoholic ttudies after morphine eulphaie in rats weighing S2S-S60 grams 



1 UCTABOUSU, (mtm, COi/A'J 

1 TE0EKATCV, *C. 


A 

B 

C 

Av. 

A 

B 

C ! 

At. 

« 





37.5 

37.0 1 

37.8 

37.4 

0 

0.616 1 

0.642 

0.690 

0.626 

37.5 

37.2 ! 

38.0 

37.6 

1 

0.543 

0.627 

0.672 

0.610 

37.5 

37.5 

40.0 

38.3 

2 

0.70S 

0.694 

0.661 

0.68S 

40.0 

40.5 1 

39.8 

40.1 

3 



j 0 6S0 

0.5S0 

39.5 

39.4 1 

39.0 

39.3 


* Just before amm&ls were placed in metabolism chamber. Bats received 10 mgm. per 
Idlogram of morphine sulphate hypodermically. In 10 additional determinations in four 
rats of similar weight range, after morphine, the metabolism varied from 0.52S to 0.723. 
In tables 1, 2 and 3, body temperature determinations were made just before each hour’s 
metabolism run and after the final one. 


TABLE 2 

it/eiaboZtc studies in adrenaleclomtzed rats tceighing S4SSSS grams 



, lOTABOUsv, (mgm COi/i' ) j 

TUIPCIATVSC, ‘C. 


A 

B 1 

C 

Av 

A 

B 

1 ' 

Av. 

0 





37.5 1 

35.0 

1 38.5 

37.0 

1 

0.517 

0.428 

0.M4 

0 499 

37.6 

34.8 

3S.8 

37.0 


0.493 

0.459 1 

0 508 

0.486 

37.5 ' 

35.0 

1 38.1 

36.8 


0.448 

0.434 

0.498 

0 460 

37.5 1 

35.2 

38.5 

37.0 

HI 



0.502 

0 502 

37.5 1 

35.7 

37.3 

i 36.8 


TABLE 3 


Afc<a&olic studies in morphtnized adrenaleelomizcd rats weighing SS0S7S grams 


Bouis Ann 

IIETABOUSV, (n{»l. COt/*r-) 

mvEXATtriE, *C. 


A 

B 

C 

Av. 

A 

B 

C 

Av. 

* 





37.5 

3S.0 

38.0 

37.8 

0 

0.447 

0.511 

0.549 

0.502 

37.5 

37.8 

38.2 

37.8 

1 

0.431 

0.620 

0.679 

0.510 

37 3 

3S.0 

38.3 

37.8 

2 

0.470 

0.623 

0.624 

0.505 

37.7 

37.6 

38.6 

37.9 

3 

0.455 

0 501 

0 504 

0.487 

37.5 

3S.S 

37.7 

37.9 

4 


0.475 


0.475 

dead 

38.6 

37.2 

37.9 

5 






37.2 


37.2 


• Just before animals were placed in metabolism chamber. Rats received 10 mgm. per 
kilogram of morphine sulphate hypodermically 


Discussion. Pyrexia may result from increased heat production, decreased 
heat elimination or a combination of both. Tlie morphine fever in cats described 
by Stewart and RogofT was associated with considerable motor excitement. 
However, they concluded that the pyrcida was not entirely dependent upon 
muscular activity since undrugged animals in a revolving cage performed more 
muscular exercise with less rise in temperature than those recemng morphine. 

With our rats the situation is entirely different. Morphine, even in doses as 
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small as 1 mgm. per kilo, produces a well developed catalepsy which eliminate 
an increase in heat production from muscular activity as a causative factor ii 
pyrexia. More conclusive evidence, however, that excessive heat production i 
not significant for the hyperthermia is derived from the metabolic studies. Th 
metabolic increase with an average temperature rise of 2.6°C. was only 10% 
which is more than accounted for as a result of the temperature rise (Van’ 
Hoff’s Law) . In fact that 10% increase in metabolic rate accounts for only 20'^ 
of the calories necessary to raise the animals’ temperature an average of 2.6°C. 
the other 80% must, therefore, come from heat conservation. Chahovitch anc 
Vichnjitch, in the experiments cited above, failed to obtain an increase in thi 
total metabolism in rats after the administration of morphine. 

Morpliine does not produce pyrexia in adrenalectomized rats. However, ii 
cats Stewart and Rogoff were able to produce morphine pyrexia with the sami 
facilitj' regardless of the presence or absence of the adrenals! In the intac 
animal they found that morphine caused an increase in the rate of epinephrin( 
output. This may have been due to excitement. In our rat experiments, al 
though no assays were made of the epinephrine output after the administratioi 
of morphine, the consistent appearance of exophthalmos at the onset of the feve) 
and its persistence during the pyrexia is certainly suggestive of sympathetif 
stimulation. The exophthalmos, however, is not dependent entirely upon ths 
epinephrine factor since it occurs also after adreno-demedullation. 

Morphine hyperthermia occurs after extirpation of the adrenal medulla bul 
not after total adrenalectomy unless either the cortical hormone or sodium chlo- 
ride is substituted. Therefore it would seem that salt metabolism, which is 
normally under the influence of the adrenal cortex, plays an important part in 
morphine pyre.xia. 

Tatum had demonstrated that a fundamental property of morphine is stimula- 
tion, although in chronic morphinism this may be masked at first by central 
depression. Likewise, Barbour, Porter and Seelye (1939), in metabolic studies 
on chronic morphinism in dogs, demonstrated the calorigenic property of this 
drug. Hambourger also, from work with cerebrally decorticated cats, concluded 
that morphine produced a stimulating effect on the hypothalamus. It may well 
be that the basic factor in the causation of the morphine hyperthermia is a stimu- 
lation of this part of the central nervous system. This is also suggested by the 
work of Helfrich in which spinal cats failed to develop morphine pyrexia. 

In the literature there is a diversity of opinion concerning the effect of bilateral 
adrenalectomy on the toxicity of morphine. Scott, the McKays, and Tormo 
believed from their investigations that adrenalectomy in rats increases the toxicity 
of morphine while Rogoff concluded that it doe's not. The present investigation 
adduces further evidence that at ordinary room temperature (25°C.) morphine 
is distinctly more to.xic in adrenalectomized rats unless they are protected by 
sodium chloride or adrenal cortical hormone. Since the morphine was adminis- 
tered within 24 hours after adrenalectomy when the body temperature was nor- 
mal and the general condition excellent, the possible objection that one may be 
dealing with sick animals is invalidated. 
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CONCLUSIONS 

1. Small doses of morphine sulphate, 1 to 20 rogm. per kilogram, consistently 
oduce pyrexia in rats. The critical dose is around 30 milligrams per kilo, 
irger doses, 40 to 90 mgm. per kilo, produce only hypothermia. 

2. The p^Tcxia is associated ■with catalepsy and exophthalmos. 

3. Adrenalectomized rats, which exhibit reduction in metabolic rate, fail to 
ow metabolic increase after morphine. 

4. The morphine fever and its concomitant exophthalmos may be prevented 
' preliminary bilateral adrenalectomy. Adreno-demedullation, alone or in 
njunction "VNith hypophyscctomy, on the other hand, does not prevent the 
(pcarance of the morplune fever, catalepsy and exophthalmos. 

5. The administration of adrenal cortical extract or 0.9% sodium chloride to 
renalectomized rats, restores their ability to develop a morphine pyrexia; 
ntrarinise, epinephrine does not. 

6. Increase in metabolic rate associated with the hyperthermia accounts for 
% of the necessary calorics; the balance is therefore derived from heat conser- 
tion. 

7. Bilateral adrenalectomy in rats enhances the toxicity of morphine whereas 
reno-demeduUation or hypophysectomy fails to influence it. 

8. A possible explanation for the pyretic action of morphine is, that the drug 
ting centrally stimulates the s^mipathetic nervous system, inducing vasomotor 
anges, a redistribution of body water and of electrcljics with resultant pjTexia. 

The author is greatly indebted to Professor H. G. Barbour for his invaluable 
unsel during the course of this work. 
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A bactericidal agent obtained from a spore-bearing soil bacillus was described 
by Dubos (1) and more recently by other investigators (2, 3, 4). The crude 
extract obtained from this organism is alcohol-soluble, water-insoluble, and is 
called tyrothricin; it can be fractionated into two substances, gramicidin and 
tyrocidine (3), the former possessing activity in vilro and in vivo whereas the 
latter is primarily active in vitro. All three substances are definitely toxic for 
animals (5, 6) although there appears to be a wide range between the therapeutic 
and lethal dose as determined by studies in mice. Other to.xic effects of these 
substances have been reported by Heilman and Herrell (7) and Eammelkamp 
and Weinstein (8). The following communication is concerned with the in vitro 
and in vivo actinty, the in vitro experiments dealing primarily rvith the effect of 
serum and blood upon their bactericidal properties. 

Materials and Methods. Strains of Streptococcus hemolylicus, Staphylococcus aureus, 
type I pneumococcus, Clostridium welchii, Clostridium tetani, Eberthella typhi and 
Escherichia coli were employed as test organisms. All cultures, with the exception of the 
strict anaerobes, were grown in brain heart infusion media. For the growth of these organ- 
isms the above medium was supplemented with 0.1 per cent agar-agar. Excellent growth 
was obtained in 6 to 10 hours at ST'C. 

The gramicidin, tyrocidine and tyrothricin' suspensions were prepared by dissolving 
the solid preparations in 95 per cent ethyl alcohol and diluting the alcohol solution with 
sterile distilled water or broth to the desired concentration. Fresh suspensions were made 
for each e,xperiment. 

In vitro Studies. In the first series of experiments, a modified phenol coeffi- 
cient technique was used. The gramicidin, tyrocidine and tyrothricin suspen- 
sions were mixed with the cultures of bacteria and incubated at 37°C. for periods 
ranging from 5 minutes to 24 hours. Subtransfers were then made into sterile 
broth and incubated at 37°C. for 48 hours. The materials were used in concen- 
trations of 1:8000 to 1:512,000 upon cultures of Cl. mlchii, Cl. tetani, type I 
pneumococcus and Staph, anrevs. Tyrothricin and tyrocidine proved to be 
considerably more effective than gramicidin against these cultures (table 1). 
The particular strain of Staph, aureus showed considerable resistance to these 
agents although other strains of the same organism ■were found to be more 
readily affected. Tyrocidine and tjTothricin produced their killing effect within 
5 to 10 minutes, whereas gramicidin was essentially -without effect even over a 
24 hour period. It is to be noted, however, that this method of testing only 

' The materials used in these experiments were prepared by Dr. Max Tishler from cul- 
tures supplied by Dr. J. L, Stokes of the Research Laboratories of Merck & Co. Inc, 
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measures bactericidal activity, and substances such as sulfanilamide, which are 
primarily bacteriostatic, appear to be without effect under these conditions. 
This is particularly true when the original inoculum is as large as that used in 
the phenol coefficient technique. 

Experiments were therefore undertaken to determine the bacteriostatic ac- 
tivity of gramicidin using Kolmeris method (9). A series of dilutions were 
prepared of the test agent in sterile water, in such a manner that these were 
10 times more concentrated than the final dilution desired. To 1 cc. of each 
dilution, 9 cc. of seeded culture media were added, the latter being prepared by 

TABLE 1 


Bactericidal effect of tyrolfintin, gramicidin and tyroeidine (modified phenol coefficient 
technique) 


Sm STANCE 

TESTOICANISU 

WIKO<AEEmCTIVE BACTEUCmAL CONCCMTEATION 

PEUOb OV CONTACT >£T«EXH TEST AGENT AND THE SACIZUA 



S minutet 

to minutu 

tStninuUs 

iiheurs 

Tyrothricin 

Diploeoecui pneu- 
moniae type I 

1:512,000 

1:612,000 

<1:612,000 

<1:512,000 


iSlapA. aureue 
#2017 

1:30,000 

1:40,000 

1:45,000 

1:45,000 


Cl. toelehii 

1:12,000 

1:16,000 

! 1:16,000 

1:25,000 


Cl. ielant 

1:200,000 

1:400,000 

1:400,000 

<1:400,000 

Gramicidin 

Diplococeus pneu- 
tnontd type I 

>1:8000 

>1:8000 

>1:8000 

>1:8000 


Staph. aureus i 
#2017 

>1:8000 

>1:8000 

>1:8000 

>1:8000 


Cl. xcelchii 

>1:8000 

>1:8000 

>1:8000 

>1:8000 


Cl. telani 

>1:8000 

>1:5000 

>1:8000 

>1:8000 

Tyroeidine 

Diplococeus pneu- 
monia type I 

1:500,000 

<1:512,000 

<1:512,000 

<1:512,000 


Staph. aureus 
#2017 

1:25,000 

1:40,000 

1:40,000 

1:40,000 


Cl. welchii 

1:50,000 

1:50.000 

1:60,000 

: <1:75,000 


Cl. ietant 

1:100,000 

1:200,000 

1:400,000 

1:400,000 


adding 1 cc. of a 10 hour culture to 99 cc. of broth. The cultures were then 
incubated at 37®C. and subtransfers made into sterile broth at given intervals 
over a 24 hour period. By examining the cultures containing the active sub- 
stances as well as the subtransfers after 24 hours incubation, both the bacterio- 
static and bactericidal effect could be ascertmned. 

Using the foregoing procedure and working with strains of Cl. xcelchii, Strep, 
hcmolyticus, type I pneumococcus and Staph, aureus, we obtained the results 
shown in table 2. In general these results arc in close agreement with those 
obtained in the previous experiments. Tyroeidine and tyrothricin were actively 
bactericidal against all bacteria except Staph, aureus, whereas gramicidin showed 
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only a comparatively slight bactericidal action. Gramicidin, however, showed 
a bacteriostatic effect in spite of the large number of test organisms used in the 
initial inoculum. If the initial inoculum was such that only 20 to 50 thousand 
cells were used, gramicidin was much more effective. 

Having established that tyrocidine and t3'^rothricln are bactericidal while 
gramicidin is primarily bacteriostatic, we thought it important to determine the 
activity of these substances in the presence of serum. A number of tests were 
performed using Kolmer’s procedure and a 10 per cent serum-broth mixture 
as the test medium. One cc. of serum and 0.1 cc. of the test substances were 

TABLE 2 


Bacteriostatic and bactericidal effect of gramicidin, tyrothricin and tyrocidine {Kolmer’s 

technique) 


StIBSTAKCE 

TXStORCAKIS^ 

vccmcALSpnc* 
TXVE BACTEftEO* 
STATIC COHCS2f- 

jnxm At rrrecnvE BACTExiciDAt concektsatiw 
PEWOD or co>rrACT betweev test agent and 

TRXBACTEEtA 




JS minutes 

JO minutes 

60 minutes 

Tyrothricin 

Streptococcus hemo- 
lyticus 

1:1,000,000 

1:40,000 

1:50,000 

1:50,000 


Diplococcus pneu- 
moniae type I 

1:300,000 

1:40,000 

1:70,000 

1:90,000 


Staph, aureus S.D. 

1:8000 

>1:8000 , 

>1:8000 

>1:8000 


Cl. welchii 

1:100,000 

>1:8000 

1:16,000 

1:16,000 

Gramicidin 

Streptococcus hemo- 
lyticus 

1:1,000,000 

1:16,000 

1:20,000 

1:24,000 


Diplococcus pneu- 
moniae type I 

<1:300,000 

1:8000 j 

1:11,000 

1:36,000 


Staph, aureus S.D. 

>1:8000 

>1:8000 

1:8000 

>1:8000 


a. welchii 

1:500,000 

>1:8000 

>1:8000 

1:8000 

Tyrocidine 

Streptococcus hemo- 
lyticus 

1:300,000 

1:100,000 

1:100,000 

1:100,000 


Diplococcus pneu- 
moniae type I 

1:300,000 

1:200,000 

1:200,000 

1:200,000 


Staph, oureus S.D. 

<1:8000 

>1:8000 

>1:8000 

>1:8000 


Cl. welchii 

1:100,000 

1:100,000 

1:100,000 

1:100,000 


mixed for 5 minutes before adding 9 cc. of the seeded culture medium. Using 
the same cultures and the same concentration employed in the previous e.xpen^ 
ments we found that serum reduced the bactericidal effect of tyrocidine and 
tyrothricin considerably, whereas the bacteriostatic action of gramicidin was 
only inhibited to a slight degree. 

Following Waksman and Woodruff’s (10) procedure the active substances 
were incorporated into melted agar, which was permitted to solidify'. Next, the 
agar plates were streaked wth a variety of gram-positive and gram-negative 
bacteria and incubated at 37°C. for 24 hours. Plates were examined {or the 
presence or absence of growth. Essentially the same results were obtained as 
presented in the foregoing section. With the e.xception of tyrocidine, none o 
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the substances was effective against the gram-negative organisms even in con- 
centrations as high as 800 micrograms per cc. At this concentration tyrocidine 
appeared to exert a slight inhibitory effect on E. typhi, but not on E. coli. 

Rotating Rack Experiments. A laigc number of in vitro experiments were 
performed with the method described by Lockwood (11) which resembles as 
closely as possible conditions in vivo. Mouse-virulent strains of the above 
organisms were grown at 37®C. After 6 hours incubation the cultures were 
diluted in broth, blood or scrum, to 10~* and 2 cc. of this culture dilution placed 

TABLE 3 


In vitro efficacy of gramicidin, tyrothricin and lyroeidine in broth 
(Rotating rack technique) 


run 

KUUBTX 

SVaSTANCS 


tnnnci or viasu bacccua m 0.001 cc. or blood 

nice. 

or BLOOD 

Time In beiirs 

0 

3 


10 

34 

1 

Gramicidin 

12S 

38 

4 

0 

0 

0 

2 


64 

44 

20 

8 

0 

0 

3 


32 

42 

30 

16 

14 

15 

4 


16 

46 

38 

32 

30 

40 

5 


8 

38 

34 

48 

40 

eo 

6 


4 

42 

38 

38 

80 

M 

7 


2 

40 

38 

39 

75 

CP 

8 


1 

38 

44 

36 

82 

eo 

g 

Tyrothricin 

16 

44 

0 

0 

0 

0 

10 


8 

44 

0 

0 

0 

0 

11 


4 

48 

0 

0 

0 

0 

12 


2 

40 

38 

20 

5 

0 

13 


1 

39 

40 

42 

80 

00 

14 

Tyrocidine 

16 

38 

0 

0 

0 

0 

15 


8 

42 

0 

0 

0 

0 

16 


4 

42 

2 

0 

0 

0 

17 


2 

41 

0 

0 

0 

0 

18 


1 

45 

48 

82 

00 

CP 

IQ 

Controls 

0 

42 

4200 

eo 

00 

CO 

20 


0 

37 

6100 

• 

00 

" 


in small test tubes. Under these conditions the cultures of streptococci and 
pneumococci contained approximately 40 to 80,000 cells, whereas the culture 
of Staph, aureus contained almost twice this number of cells. The desired 
amount of the test agent contained in 0.1 cc. of broth was then added to each 
tube, which was now sealed and rotated slowly on a mixing machine at 37®C. 
At suitable intervals the tubes were opened and, by making blood agar pour 
plates of 0.1 cc. of the contents, the number of living organisms in each tube 
was determined. 

Quantities of gramicidin, tyrocidine and tyrothricin ranging from 1 to 256 
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micrograms per cc. of the test medium were used in these' experiments. Since 
the results obtained with Strep, hemolyliciis, type I pneumococcus or a non- 
resistant strain of Staph, aureus were of the same order, only the data dealing 
with the Strep, hemolyticus are presented. 

When brain-heart infusion medium was employed without the presence of 
serum or blood, tyrocidine and tyrothricin were actively bactericidal to strepto- 

TABLE 4 


In vitro efficacy of gramicidin, tyrothricin and tyrocidine in blood 
(Rotating rack technique) 


TTOB 

KUUBEE 

ST7BSTANCE 


ITOaBBB 0? VIABX£ BACTSWA PEB 0.001 CC. 07 BLOOD 

ixacc.of 

BLOOD 

Time la hours 

0 

2 

4 

30 

24 

1 

Gramicidin 

128 

82 

36 

44 

0 

0 

2 


64 

55 

41 

42 

88 

03 

3 


32 

70 

56 

79 

987 

00 

4 


16 

68 

53 

360 

3800 

CO 

5 


8 

65 

94 

975 

4200 

CO 

6 


4 

81 

124 

1045 

eo 

03 

7 


2 

65 

256 

2090 

CO 

00 

8 


1 

58 

410 

2345 

as 

CO 

9 

Tyrothricin 

128 

63 

1 

0 

0 

0 

10 


64 

72 

1 

0 

0 

0 

U 


32 

58 

34 

30 

750 

CO 

12 


16 

60 

74 I 

108 

2900 

oo 

13 


8 

73 

63 

505 

4700 : 

OO 

14 


t ^ 

70 

171 

1060 

CO 

; « 

16 


1 2 

64 

393 

2402 

CO 

CO 

16 


! 1 

68 

507 

4440 

00 

oo 

17 

Tyrocidine 

128 

64 

0 

0 

0 

0 

18 


64 

71 

17 

11 

00 


19 


32 

78 

875 

CO 

00 

eo 

20 


16 

60 

597 

CO 

00 

CO 

21 


8 

54 

940 

CO 

CO 

CO 

22 


4 

70 

1020 

CO 

CO 

DO 

23 

Control 

0 

64 

1170 

09 

99 

eo 

24 


0 

71 

1045 

oo 

00 


25 


0 

57 

1084 

OO 

00 



cocci ; a concentration of 4 to 8 micrograms per co. of either agent producing 
complete sterilization within 1 to 2 hours (table 3). In similarconcentrations, 
the action of gramicidin appeared to be primarily bacteriostatic; it exerte a 
bactericidal action only in much higher concentrations. 

When blood or serum was used as the test medium, the bactericidal ac ion 
of tyrocidine was markedly reduced. Under these conditions concentrations 
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of 128 micrograras of tyrocidine per cc.'of blood were required to produce the 
same killing effect as 2 micrograms in brain-heart infusion broth. On the other 
hand, blood or serum had considerably less effect on the action of gramicidin, 
as shown in table 4. Tyrothricin, like t 3 rrocidine, lost its bactericidal properties 
in blood or serum and, like gramicidin, produced only a bacteriostatic effect in the 
weaker concentrations. It would seem therefore that the bactericidal action of the 
tyrocidine portion of tyrothricin is inhibited by blood and the bacteriostatic 
action of the gramicidin portion may then manifest itself. It will be noted 
that the bacteriostatic action of gramicidin and tyrothricin in blood was most 
striking during the first 4 hours of incubation and that eventually almost all the 
cultures made abundant growth. This apparent lack of bacteriostatic activity 
after a 4 hour incubation period may be due to a toxic effect of gramicidin on 
the phagocytes since at tWs time there is direct evudence of the destruction of 
red cells, as sho^\’n by hemolysis. 

When blood agar plates were made from cultures which were sterilized by 
gramicidin, small light zones, not typical zones of hemolysis as a result of the 
presence of viable streptococci, could be observed. Subcultures of these areas 
Into sterile broth did not produce growth. Furthermore, quantities of gra- 
micidin similar to those employed in the test did not produce these effects when 
added to blood agar plates. The nature of these zones was not investigated 
further. 

In vivo Studies. Swiss mice were injected intraperitoneally with a killing 
dose of a virulent test culture grown under conditions described in the in vitro 
experiments. Immediately after the injection of the bacteria the animals were 
treated wth the various preparations by intraperitoneal administration, thus 
permitting direct mixing of the bacteria and the test substance in the peritoneal 
cavity of the mice. Additional experiments were performed in which mice 
infected by the intraperitoneal method were treated by oral, subcutaneous and 
intravenous routes. Both single and multiple dosing were employed in these 
experiments. Infections with Stapk. aureus and CL welchii were produced wth 
and without the aid of 4 per cent gastric mucin. 

Single injections of gramicidin or tyrothricin in doses of 8 to 16 micrograms 
per mouse afforded protection to mice infected with 10,000 lethal doses of strepto- 
cocci or pneumococci when both the bacteria and test agent were given intra- 
peritoneally (table 5). With smaller doses of gramicidin or tyrothricin, the 
lives of mice were prolonged for 3 to 4 days although eventually most of these 
animals died. Under the same conditions tyrocidine w'as essentially without 
effect even in much larger doses. It is of interest to note the close agreement 
between the effective in vivo dose and those obtained in vitro using blood as the 
test medium. Smears prepared from the peritoneal fluids of mice treated with 
gramicidin or tyrothricin indicated phagocytosis of the infecting organisms. 
Mice infected with Staph. aureus,OT wash Cl. welchii cells and treated with 4 
to 32 micrograms of gramicidin or tyrothricin survived longer than the controls, 
but eventually all the animals died. The results of the experiments de.Tling 
with staphjiococcal and Cl. welchii infections were complicated by the fact that 
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unless the bacteria were administered in 4% mucin, too many bacteria had to 
be given in order to produce a fatal infection in the untreated control mice. 
When a large number of bacteria were used as the inoculum in the in vitro experi- 
ments gramicidin was not very effective even though it showed considerable 
acthity against the same strain when a smaller number of cells were used. 
On the other hand, when 4% gastric mucin was used, which permitted the use 

TABLE 5 

Efficacy of gramicidin, iyrothricin and (yrocidine in streptococcal infections in mice 


Infection Strsptococevs hemolylicus )?16S5 

Age of culture 6 hours 

Infection 0.5 cc. 10"‘ dilution in broth 

Treatment Single dose intraperitoneally 

immediately after the bacterial inoculation 


SXmSTAyCt 

tnCROGSAU! 
P£IC UOtlfE 

r NO.OI- 

lacs 

KUITBER mCE SOTtVIVIKC ATTEtt DAYS 

1 

2 

3 

1 

1 

J ‘ 

7 

s 

1 9 

10 

Gramicidin 

2 



40 

20 

la 

m 

m 

0 

0 

■1 

0 


4 



38 

20 



15 

15 

15 

15 

IS 


S 

50 

50 

50 

42 

41 

35 

35 

35 

35 

35 

35 


16 

50 

50 

50 

46 

40 

40 

40 

40 

40 

40 

40 


32 

50 

50 

49 

48 

45 

45 

45 

45 

45 

45 

45 

Tyrothricin 

2 

50 

SO 

48 

24 

12 

2 

2 

2 

2 

2 

2 


4 

50 

50 

47 
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25 
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of dilutions of 10-^ or more, the mucin appeared to interfere mth the action of 
gramicidin or tyrothricin, since the treated animals died almost ^ 
the untreated controls in spite of large doses of the test agents. T s an ago 
nistic action of mucin was also found in streptotoccal and pneumococc. m 
factions and may possibly be due to the interfering effect of mucm upon 
nbno-onvtosis. 
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"When animals were infected by the intrapcritoneal route and treated subcu- 
taneously, orally, or by vein at frequent inter\'als, little or no protection was 
afforded by gramicidin, tyrothricin or tyrocidme. Further, if mice were infected 
intravenously and treated by intraperitoneal injection of 4, $, 16 or 32 micro- 
grams of the test agents no protective effect was found. It would seem there- 
fore that gramicidin and tyrothridn are only effective when placed in direct 
contact with the bacteria. Additional evidence in support of this view was 
obtained by increasing tlie interval between injection and treatment for varj'- 
ing lengths of time. A group of mice were injected intraperitoneally with 100 
to 1000 lethal doses of pneumococci and treated intraperitoneally ^ to G hours 
after inoculation. Some of the mice treated immediately after the infecting 
dose serv’ed as controls. ^Vhcn therapy was delayed for 30 minutes some pro- 
tective effect was observed, but all the mice died mthin 2-3 days. If treatment 
was delayed for 2 hours or more, no evidence of protection was found. 

In the foregoing experiments tyroddinc showed little or no activity in vivo. 
Tyrocidine, however, was found to afford excellent protection to mice in doses 
of 16 to 32 micrograms if it was allowed to mix in vtiro with the infecting bacteria 
for 1 to 5 seconds prior to animal inoculation. Although the latter fact has 
little practical significance, it does indicate the rapidity "with which tyrocidine 
acts in the absence of body fluids. 

Discussion. From the work presented it would seem that gramicidin in small 
quantities has a bacteriostatic and limited bactericidal action on gram-positive 
bacteria in vitro and that a similar bacteriostatic action occurs tn vivo, which is 
augmented by phagocytosis. This bacteriostatic action would appear to pre- 
vent the multiplication of the organisms at their usual rate, thus protecting 
the phagocytes during the stage of their accumulation. In this respect gra- 
micidin is similar to sulfanilamide. Tyrothricin exerts in blood a bacteriostatic 
effect similar to that of gramicidin, apparently by virtue of its gramicidin 
content, whereas tyrocidine is essentially without action in the presence of blood 
or serum under the same conditions. In broth, however, small quantities of 
tjTOcidine and tjTOthricin arc actively bactericidal, whereas high concentrations 
of gramicidin are required to produce the same effect. From the in vivo studies 
it is apparent that gramicidin and tyrothricin afford protection to mice infected 
with Strep, hcmolylicns and Diplococcus pneumoniae, provided that the agents 
are given shortly after the inoculation of the infecting bacteria and in the direct 
location of the bacterial inoculation. Gramicidin and tyrothricin w’ere not 
found effective when tried under a variety of other experimental conditions. 

Since gramicidin is apparently only effective under the above conditions, and 
since it is definitely toxic when given parcntcrally to animals (G), its use would 
seem to be limited to those localized infections which permit treatment by topical 
application. Studies now' in progress suggest that tyrothricin can favorably 
influence the course of experimental local w'ounds caused b}’ Staph, aureus and 
Cl welchii. Under these conditions tyrothricin can be applied locally in high 
concentrations without c^idcncc of toxicity. Clinical studies also indicate that 
tjTothricin may be of definite value in local infections caused by gram positive 
bacteria. 
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From the results obtained in vitro one might expect a definite protective effect 
in vivo wth large doses of tyrocidine. Thus, while tyrocidine sterilized a blood 
medium in concentrations of 128 micrograms per 1 cc. of blood, similar concen- 
trations in vivo afforded essentially no protection to mice. In a previous report 
(fi) tyrocidine has been showm to produce a toxic effect on isolated organs in 
concentrations of 64 to 128 micrograms per 1 cc. This would suggest, among 
other things, that large doses of tyrocidine exert a toxic effect on the host, thus 
in some manner lowering its resistance to infection. The possible toxicity, plus 
the reduction in activity by body fluids would appear to account for the lack of 
in vivo activity of this substance. 

Both the in vitro and in vivo experiments indicate that tyrothricin is about as 
active as gramicidin. Since tyrothricin contains only 15 to 20 per cent of 
gramicidin, which is the active principle in vivo, the results suggest a possible 
synergistic action between tyrocidine and gramicidin or the presence of addi- 
tional factors in tyrothricin which also possess activity in vivo. It was observed 
that tyrocidine appears to increase the solubility of gramicidin in water. 
Whether this is an actual increase in solubility or only a reduction in the particle 
size of gramicidin, thus permitting a greater dispersion of the latter, is not known. 
This factor might influence the activity of gramicidin sufficiently to account in 
part for the in vivo activity of tyrothricin. 

SUMMARY 

1. Tyrocidine and tyrothricin appear to exert a marked bactericidal action 
on aerobic and anaerobic gram-positive bacteria in the absence of blood or serum. 
Under similar conditions gramicidin appears to be primarily bacteriostatic. 

2. In the presence of blood or serum tyrocidine and tyrothricin lose their 
bactericidal properties whereas gramicidin retains its iiacteriostatic properties. 
Under these conditions tyrothricin becomes primarily bacteriostatic, apparently 
by virtue of its gramicidin content. 

3. In vivo results indicate that when mice are infected and treated by intra- 
peritoneal injection, gramicidin and tyrothricin are active whereas tyrocidine 
is not. Gramicidin or tjTothricin are only effective when given in direct con- 
tact -with the infecting bacteria. 

4. No protection was afforded to mice infected by intraperitoneal injection 
when treatment was given by oral, subcutaneous or intravenous administration. 
Likewise, mice infected by vein w'cre not protected by intraperitoneal treatment. 
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Any attempt to understand the mechanisms of lead metabob'sm must include 
a study of the way in which the metal is carried in the blood. A fundamental 
factor of this transport is the quantitative partition of the lead between the 
plasma and the cells, or the serum and clot. Various opinions concerning this 
partition are: (1) that the lead is present almost entirely in the cell fraction, 
(3) that it is about equally distributed between the blood fractions, and (S) that 
the metal is found principally in the plasma. The first viewpoint is represented 
by Millon (1), Schmidt (5), Schmidt, Seiser and Litzner (8), Schmidt and 
Barth (8). Behrens (10), Weyrauch (11), Blumberg and Scott (13), Willoughby 
and Wilkins (16), and Kehoe, Cholak, and Story (16). Proponents of the 
second theory' include Behrens and Pachur (7), Teisinger (12), Schmitt and 
Taeger (14), and Tompsett and Anderson (17); while Aub, Fairhall, Minot, and 
Reznikoff (6) are among those who believe that most of the lead is found in the 
plasma. Millon (1) stated that normal lead was combined with thu blood 
globulin, while Cozzi (2) claimed that in plumbism the blood lead was combined 
with the albumin. Riva (3) and Erlenmeyer (4) reported that in experimental 
lead poisoning the lead was present in the globulin fraction of the proteins. 
Other concepts have been advanced by Smith, Rathmell, and their coworkers 
(18, 19, 20), and by Bischoff and coworkers (9). 

These conflicting concluaons have resulted largely from differences in the 
sensitivity and accuracy of the analytical methods employed, and also from 
analytical variations due to contamination. In the work to be reported in this 
paper a photometric dithizone method (21) of proved reliability was used. Re- 
sults obtained by this procedure have been compared with those obtained fay a 
spectrographic (22) and a polarographic (23) method, showing that the pro- 
cedure possesses satisfactory accuracy and specificity. The need for an ex- 
tremely precise method, together with the almost complete elimination of con- 
tamination, becomes apparent when it is pointed out that a difference of less 
than one microgram in the quantity of lead found in the blood plasma can mean 
a difference of over 20% in the proportion of the total lead found in that fraction. 

Constant use of the dithizone method cited has indicated that the lead deter- 
mination itself, e.vclusive of the sample preparation, is precise to 0.2 micrograni. 
However, lead contamination may occur while the sample is being dried and 
ignited, so that with quantities of lead below 10 micrograms in the original 
sample the total error may be as great as 0.5 microgram. 

ExPEsr-MENTAi. METHODS. Lead acetate was administered to adult fettiale rabbits bj 
spraying a solution of the salt on pellets of a prepared rabbit food. Sufficient lead aeeta e 
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was used so that each rabbit received about 160 mgm. of lead daily. After eleven days, a 
blood sample showed 0.04 mgm. of lead per 100 grams of blood; after another week the lead 
content was 0.06-0.08 mgm. per 100 grams, and it did not rise significantly above this level 
so long as the same amount of lead acetate was used (three months). After that period the 
lead in the food was increased to *250 mgm. per day per rabbit for one month, then further 
increased to 500 mgm. per day. However, the rabbits did not eat this highly contaminated 
food well and began to lose weight. Therefore, after two weeks the lead content was 
decreased so that each animal again ingested about 250 mgm. of lead daily. The blood lead 
level showed a significant rise in each animal during this time. 

Previous studies on the partition of lead in blood have been made on serum and clot, or 
on plasma and cells with the use of anticoagulants, except in one instance when Blumberg 
and Scott (13) used a sample of hemophilic blood. No record could be found of a series of 
lead analyses on plasma and cells in which no anticoagulant was used, nor of any compari- 
son of the lead partition in arterial blood with that in venous blood. For that reason 
arterial and venous blood samples were obtained for lead analysis and separated into plasma 
and cells, both with and Vrithout the use of anticoagulants. 

The technic of obtaining blood samples from the rabbits was as follows. A stainless 
steel needle with a stainless steel hub (not the usual brass hub) was used, with a clean 
Pyrex hypodermic syringe from which the metal spring clip or plunger guide had been 
removed. Ten cc., 20 cc., and 30 cc. syringes were used dependent upon the quantity of 
sample desired. About one cc. of lead-free, heavy mineral oil was put into the dr>' syringe 
and some of the oil was expelled through the needle. The blood sample was taken from 
the left or right heart, depending upon whether arterial or venous blood w*as desired. If an 
anticoagulant was used the blood was expelled into a centrifuge tube containing tbc dry 
anticoagulant; it was mixed by agitation and centrifuged for five to ten minutes. If no 
anticoagulant was used the blood was poured (with as little disturbance as possible) into a 
chilled paraffined centrifuge tube (using lead-free paraffin wax) and cooled in an lee bath 
for one minute. It was then centrifuged for five to ten minutes. 

The plasma w'as removed as completely as possible by a pipette, expelled into a dry tared 
silica dish, and the cells (with the small quantity of plasma remaining) were poured into 
another tared dish. Both dishes were weighed and the samples were then ready for the 
usual preparation (22) and lead determination (21). All tubes, pipettes, dishes, etc. were 
cleaned with 50% nitric acid and double distilled water and every possible precaution was 
taken to avoid lead contamination from dust or other sources. 

Lead was added to heparinized blood in some experiments by using a dilute solution of 
lead chloride; the volume of solution introduced was purposely kept low (about 0.1 cc. per 
10 cc. of blood) in order to limit alteration of the water content of the blood and to prevent 
hemolysis. Lead chloride was used instead of the nitrate or acetate to avoid addition of 
a foreign ion to ihe blood The blood was centrifuged about 15 minutes after the lead 
solution was added. 

Human blood from a subject who had been exposed to lead but whose blood lead level 
bad dropped to a normal value, and from another subject nbose severe lead exposure had 
been recently terminated, was analyzed in the same way as the rabbit blood. In this case 
the sample was drawn from an arm vein with an all stainless steel needle and a 30 cc. oiled 
Pyrex syringe. 

Experimental resultc. All results reported in the tables were calculated 
in the followng way: the blood was assumed to be half plasma and half cells by 
weight, and the quantity of lead in the total plasma (including the small amount 
left with tlie cells after the greater part of the plasma had been removed) was 
calculated and subtracted from the total lead in the sample in order to obtain 
the quantity actually in the cell fraction. 

Table 1 indicates that in rabbits there is no significant difference between the 
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plasma-cell lead partition in the arterial blood and that in the venous blood. 
At least 90% of the total blood lead is found in the cell fraction; it is not incon- 
ceivable that even the small quantity of lead found in the plasma, especially at 
lower lead levels, is the result of contamination which is unavoidable in the 
present state of analytical technic. 

Tables 2, 3, and 4 show that anticoagulants may be used in the plasma-cell 
separation of rabbit blood, at least within the limits of the lead concentrations 
investigated, without causing a significant change in the lead partition. Heparin 
(about 1 mg. per 10 grams of blood), sodium citrate (0.3 cc. of a solution con- 
taining 30 grams in 100 cc., deleaded with dithizone, for each 10 gram sample 

TABLE 1 


Lead partition in arterial and venous blood of rabbits 


ANDCAI, 


WT- 0? 
SAiUTXX 



, WAODf 
PtASUA 

LEAD IN 

TOR CENT oy 

iDE?mn- 

CATZO}7 

SAunx 

XOTAX IXAE 


CZtL 

rZACTlOS 

TOTAL lEA© 
INFIA5UA 



trams 

mUfcgrams 

ng./lOO 

grami 

mtcrograms 

micragrams 


1 

Arterial 

10.0 

4.8 

0.05- 

0.6 

4.2 

12.5 

1 

Venous 

10.3 

4.0 

0.04- 

0.3 

3.7 

7.5 

2 

Arterial 

10.9 

7.7 

0.07-1- 

0.4 

7.3 

5 

2 

Venous 

5.0 

4.1 

0.08 

0.4 

3.7 

10 

2 

Arterial 

9.8 

7.3 

0.075 

0.2 

7.1 

3- 

2 

Venous 

10.0 

8.5 

0.085 

<0.1 

8.5 

<1 

4 

Arterial 

9.3 

7.0 

0.075 

0.1 

6.9 

1.5 

4 

Venous 

9.3 

6.0 

0.065 

0.4 

5.6 

7 

5 

Arterial 

10.7 

11.1 

0.11- 

0.8 

10.3 

7 

5 

Venous 

9.7 

11.2 

O.ll-h 

i.r 

9.5 

15 

6 

Arterial 

11 

8.5 

0.08- 

0.7 

7.8 

8 

6 

Venous 

9.7 

8.1 

0.085- 

0.5 

7.6 

6 


of blood) and potassium oxalate (about 10 mgm. per 10 grams of blood) were 
used in these experiments. 

Even when the blood lead level was raised by increasing the quantity of lead 
in the rabbit food, the lead found in the plasma still remained below 10% of 
that in the whole blood, as shown in table 5. The fact that no significant dif- 
ference was found between the plasma-cell and the serum-clot partitions of 
blood lead (table 6) indicates that all these results can probably be compared to 
those obtained by workers using the serum-clot separation. 

The results in table 7 on the plasma-cell lead partition in human blood show 
that practically all of the lead is in the cell fraction and that heparin has no 
significant effect upon the partition. Unfortunately, only one sample of human 
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TABLE 2 


Effect of anticoagulants upon plasma-cell lead partition of rabbit blood treated with heparin 


Amu AT 
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UCATIOV 

SAVPLS 

rrt. OF 
SAUFLZ 

TOtAL LEAD^ 

! 

1 
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3 

No anticoagulant 
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6.6 1 
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0.3 

6.3 

5 

3 

With heparin 
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<0 1 
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<2 

4 

i 

No anticoagulant 

9.8 
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1 

0.9 

7.7 

10 

4 

With heparin 
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7.6 I 
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8 

5 

No anticoagulant 
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0 35 
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5 

5 

With heparin 

9.0 

6 6 1 
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6.3 1 

5 

6 

No anticoagulant 

10.3 

8.5 

0.084- 
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7.9 

7 

6 

With heparin 

9.0 

7.2 

O.OS 

0.8 

6.4 

11 

7 

No anticoagulant 

8 5 

4.7 

0 055 

<0.1 

4.7 

<2 

7 

With heparin 

9.0 

5.1 j 

0 055 

<0.1 

6.1 

<2 


TABLE 3 


Effect of anticoagulants upon plasma-cell lead partition of rabbit blood treated sodium 
citrate 
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1 
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8 
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11 
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4 
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With citrate 
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O.OC5 
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4 

4 

No anticoagulant 

10.3 I 
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' 3 5 

4 

With citrate 
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0.6 

6.4 

7 

4 

No anticoagulant 

10.0 

8.4 i 
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0.4 

8.0 

5 

4 

With citrate 

8.8 ; 

7.2 
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0.4 
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' 6 

7 

No anticoagulant 

10.0 

6 7 
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0.1 
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1 5 

7 
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1 
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0 065 

<0.1 

6.7 
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blood containing larger quantities of lead was available while these observations 
were in progress. 
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TABLE 4 

Efcct of anticoagulanli upon plasma-cell lead partition of rabbit blood treated with 

potassium oxalate 


ANlUAt 
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TICATION 

SAilflE 

V-T. OP 
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TOTAL LEAH 

TOTAL LEA! 
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PLASMA 
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1 

7 
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<2 

7 
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<0.1 
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<2 

8 

No anticoagulant 
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4.5 

<2 

8 
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3.8 

<2 

8 

No anticoagulant 
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3.5 

0.04 

<0.1 

3.5 

<3 

8 

With oxalate 

6.6 

2.9 

0.045 

0.1 

2.8 

3 


TABLE S 


Plasma-cell partition of blood lead of rabbits — higher lead levels 
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No anticoagulant 
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No anticoagulant 
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16 

7 

No anticoagulant 
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TABLE 6 


Comparison of plasma-cell and 8erum<lot lead parlitions of rabbit blood 
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15 
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3 

2 
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14 

5 


Scrum-clot 

11 3 

14-2 

0.13 

0.7 j 
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6 

3 
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7.4 

0 07+ 1 
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7.0 

5 


Serum-clot 

10.7 

7 3 

0.07- 

0.4 

6.9 

G 

7 i 

Plasma-cell 

n.o 

32 3 

0.29 

1.4 

30 9 

4 


Serum-clot 

10 0 

31.4 

0 30 

1.9 

29.5 

' 6 

7 

Plasma-cell 

10 9 

31 3 

0 29 

1.3 

30 

4 


Serum-clot 

10.4 

30.0 

0 29 

1.0 

29 

3 

8 

Plasma-cell 

11.1 

10 5 

0.095 

' 0.5 

1 10 

5 


Sorum-clot 

10.8 

10 3 

0 095 

0.3 

10 

3 

8 

Plasma-cell 

10.7 

8 1 

0 075 

0 6 

1 

7 5 

8 


Serum-clot 1 

11 7 

8.9 

0.075 

0.9 

8.0 

10 


TABLE 7 

Pla8ma<eU partition of lead in human blood 


SAvrix 

wi. or 

1 SAMPLE 

1 

TOTAL UAD 

TOTAL IXAO 

j 

LEAD IN 
PLASMA 

LEAD IN 
CELL 

PEACTXOK , 

PEI CENT or 
TOTAL LEAD 
IS PLASMA 


! 


mtm 1100 
ttamt 

misTtirams 

micrerraRl 


No anticoagulant 

9.5 

3 5 

0.035+ 

0 2 ! 

3 3 1 

6 

With heparin 

10.0 ; 

3 5 

0.035 

0.1 

3.4 

3 

No anticoagulant 

lO.G j 

3.4 

0.03+ 

<0.1 ; 

3.4 

<3 

With heparin ... 

10 3 

3 5 

0.035 

0 1 

3.4 

3 

No anticoagulant 

11.6 

3 6 

0 03+ i 

<0.1 ! 

3.6 

<3 

With heparin. .. 

10.9 

3.6 

0 035 

<0.1 

3.0 

<3 

No anticoagulant. 

10 5 

15.2 1 

0.14+ 1 

0.8 1 

14.4 

5 

With heparin 

9.8 

13.8 1 

0 14 

0.9 1 

12.9 

7 


Other workers have added lead salts to blood in inlro (7, 12), but have not 
given the actual data obtained. They stated only that the added lead was 
found in the cell fraction, without mentioning the quantities employed. Tabic 8 
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shows that when lead was added to normal rabbit blood (heparinized), most of 
the lead was found in the cell fraction, and that the ratio was approximately 
the same as that found in the blood of rabbits which w’ere ingesting lead. When 
sufficient lead was added to the blood to be equivalent to a lead level of 0.35 mgm. 
per 100 grams, which was higher than that reached in any feeding experiment, 
at least 90% of the total lead was still found with the cells. However, when this 
added lead was increased so that the lead level reached 0.55 mgm. per 100 grams, 
the fraction of the total lead associated with the cells fell to 80%, which seems 
to indicate that the lead concentration of the cells reached a saturation value 
near that point. Some hemolysis occurred in all the samples reported in 
Table 8 (especially in the last one) so that the conditions were not exactly com- 
parable to cases in which the lead had reached the blood through physiological 
absorption; this may explain why the lead extraction by the cells was not 
so complete as it is in the living animal. 

TABLE 8 


Plasma-cell partition of lead added to rabbit blood in vitro 


SAHPtE 

wt:. or 

SAiiPIE 

TOTAZ tPAZ 

TOT^I- 3SAr 

LEAD IN 

rusuA 

LEAD JN 
{XU 
TVACTlOJi 

PER CENT OP 
tOTAZ X£At> 
IN PLASUA 

Normal blood' 

No lead added 

Lead added 

Lend added 

Lead added 

Lead added 

grams 

j 10.4 
10.7 
10.0 
11,5 
9.9 

SHicragrams 

1.3 

9.4 
20.0 
40.4 

54 

mim.ftOO 

gromt 

O.Ol-h 

0.09 

0.20 

0.35 

0,55 

microgramt 

0,1 

0.9 

2.5 

3 

11 

microgroms 

1.2 

S.5 

17.5 

37.4 

43 

8 

10.5 

12.5 

7.6 

20 


All workers who have studied the plasma-cell partition of lead in the blood 
have separated the two fractions obtained by centrifugation and have assumed 
that the lead found in the cell fraction was within the cells or on their surface. 
It seemed possible, although not probable, that the lead might be present in 
the blood in the form of a dispersed compound, either organic or inorganic, and 
that when the blood is centrifuged this compound, being heavier than the plasma, 
settles to the bottom part of the centrifuge tube ■with the cells. Washing the 
cells, the procedure which Blumberg and Scott (13) followed, does not e.xclude 
this possibility, for the cells are separated from their suspension in the washing 
medium by centrifuging the mixture, and the hypothetical lead compound 
could again follow them to the bottom. 

In order to investigate this point, lead chloride solution was added to plasma 
obtained by centrifuging normal rabbit blood (heparinized), and after standing 
15 minutes the mixture was centrifuged. It was found that the lead remained 
distributed throughout the plasma and did not settle out during this second 
centrifugation (table 9). This fact furnishes indirect evidence that the lead 
found in the cell fraction is actually associated with the cells. 
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Unexpectedly, it was found that when the cells were returned to plasma to 
which lead had been added they did not remove as much of the lead from the 
plasma as could be expected from the results of the addition of lead solution to 
whole blood. This is illustrated by the last two analyses in each experiment in 
Table 9, in that after the lower half of the plasma was mixed with the cells, 
it held as high a concentration of lead as did the cell fraction. 

TABLE 0 


The effect of adding lead to the plasma of rabbit blood in the absence of blood cells 


SAMTtZ 

WT. or SAicru 

TOTAL LEAD 

IZAO 

I 

Cell fraction — no lead added ... 

t'ams 

mierottams 

microframt 
P<r Iran 

6.7 

1.6 

0.2 

Top half of centrifuged plasma, lead added 

Lower half of plasma, mixed with cells, then centri- 

5.3 

17.6 

3.3 

fuged — plasma portion 

3.7 

G.9 

1.9 

Cells from above mixture 

5.5 

11.6 

2.1 

II 




Cell fraction— no lead added 

4.8 

1.0 

0.2 

Top half of centrifuged plasma, lead added .. . 
Lower half of plasma, mixed with cells, then centri* 

5.3 

I8.S 

3.5 

fuged— plasma portion 

5.0 

13.0 

2.6 

Cells from above mixture 

3.2 

8.3 

2.6 


TABLE 10 

The combination of the cells of rabbit blood with lead vnder I’dnoui cond»(jorw 


SAKPie 

»T. or 
sums 

TOTAL LEAP 

TOTAL LZAO 

LEAP IK 
riASWA 

LEAP IN 
C2U. 

riAatoH 

FEE CENT or 
TOTAL LEAD 
IN FLASKA 


|fanj 

iRiVr^irdMi 

n|n /lOO i 
from 1 

mitreframt ' 

mtertfrarnt 


Lead added directly to whole 







blood 

9 9 

64 

0 55 

11 

43 

20 

Lead added to centrifuged re- 
mixed blood 

Cells washed with lead- 

9.7 

55 5 

0 57 

10.5 

45 

19 

containing saline 


20.9 


3.9* 


19* 


• In ealinc. 


The reduced ability of the cells to remove the lead may have been due either 
to some change induced in the cells by the experimental manipulations or to 
some type of combination of lead with the plasma. Table 10 indicates that the 
cells had not lost their power to take up lead. In these experiments normal 
rabbit blood (heparinized) was separated into plasma and cells by centrifugation, 
then the tw’o fractions were mixed together thoroughly and after a few minutes 
the lead chloride solution was added to the recombined blood. After 15 minutes 
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the blood was centrifuged again and the plasma and cell fractions were analyzed. 
In the last experiment in Table lOj cells from rabbit blood were washed with an 
equal volume of an isotonic saline solution containing lead chloride; here, also, 
most of the lead was removed by the cells. 

The “combination” of the lead with the plasma, after admixture of the two, 
occurred rapidly; there was no significant difference between the lead partition 
found in experiments when cells were mixed TOth plasma immediately after the 
addition of a lead salt to the plasma and that obtained when about 10 minutes 
had been allowed to elapse before the introduction of the cells. 

TABLE 11 


Plasma-cell partition of lead in rabbit blood after primary addition of lead to plasma alone 


SAMPLE 

WT. OT 
SAMPLE 

total LZAl 

J TOTAL LEAI 

FLASUA 

LEAD IN 
CELL 

PER CENT or 
total lEAO 




FKACTXON 

tNFLASVA 


trams 

micro(roms 

mtm./iOO 

trams 

microtrams 

microtrams 


Cells added to lead-containing 







plasma immediately, then 
separated after 15 minutes . . . 

0.1 

22 

0.24 

10 

12 

45 

Oeils added to lead-containing 







ntasraa after 10 minutes 
then separated after IS 

8.2 

21.3 

0.26 

10.5 

10.8 1 

[ 49 

Cells added to lead-containing 

plasma after 10 minutes, 
then separated after 2 

9.0 

1 

22 

i 

0.24 

10 

12 

45 

Ceils added to lead-containing 


plasma immediately, then 

9.2 

14.6 

0.16 

3.3 

11.3 

23 





Ceils added to lead-containing 







plasma after 10 minutes, 
then separated after 24 hours 

9.8 

13.9 I 

0.14 

3.7 

10.2 

27 


It seemed probable that time would be a factor in any such reaction, and 
accordingly experiments were carried out in which the lead was added to the 
plasma, the cells stirred in, and the mixture then allowed to stand with agitation 
for two hours and for twenty-four hours. In the two-hour sample the concen- 
tration of lead in the cells was not significantly greater than that in the plasma, 
but in the twenty-four hour sample about three-fourths of the total lead was 
found in the cell fraction. Apparently, therefore, after sufficient time the cells 
will gradually remove lead from the plasma, even though the metal has pre- 
viously entered into some type of combination with constituents of the plasma. 
Longer periods of equilibration were not tried because of the changes that occur 
in blood after it is shed. The re^ts of these experiments are given in table 1 1. 

In order to detect any possible absorption of lead by the leucocytes, a sample 
nf henarinized blood from one of the lead-poisoned rabbits was separated into 
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plasma, buffy layer, and red cell fractions. No significant difference was found 
between the lead concentration in the buffy layer and that in the red cell frac- 
tion, while the plasma, as usual, contained only a slight amount of lead. 

Discussion. The results reported in this paper are in substantial agreement 
mth those obtained Avith a dithizone method by Willoughby and Wilkins (15) 
and spectrographically by Blumberg and Scott (13), and by Kehoe, Cholak, and 
Story (16). They differ from the figures given by Tompsett and Anderson (17), 
Teisinger (12), Schmitt and Taeger (14), and Aub, Fairhall, Minot, and Rezni- 
koff (6). Tompsett and Anderson, using potassium oxalate as an anticoagulant, 
found about one-third of the total lead in the plasma in human blood from 
normal individuals and also from those with lead poisoning. When working 
with normal rabbits and animals receiving lead orally, they found from one- 
third to more than one-half of the total blood lead in the serum. It is probable 
that the disagreement between their results and ours is due to differences in 
the analytical methods used. In addition, it should be pointed out that the 
conclusions stated here are based upon a large number of closely agreeing analy- 
ses, obtained by a method of proved specificity and accuracy. ’ 

The combination of lead salts with blood plasma so as to interfere with their 
usual behavior has been noticed by others. According to Minot (24), when red 
cells are exposed to lead which has been previously mixed with scrum the char- 
acteristic effects of the lead on (rashly and stickiness 'of the cells are no longer 
produced. Aub and Reznikoff (25), and Orskov (26) believe that the substance 
in serum that reacts wth lead is inorganic phosphate. There seems to be little 
or no actual evidence to substantiate this belief. 

The work of Kety (27) may be reviewed in the light of the evidence presented 
here that little or no lead is present in the blood plasma or serum. Kety’s 
conclusions were based upon ionic relationships in plasma and serum; he states 
that the normal blood citrate (in human plasma) is capable of keeping in solution 
an amount of lead 20 times as great as that which the solubility of the insoluble 
lead compounds of the body would otherwise permit. In view of the analytical 
results reported here these conclusions may lose some of their significance. 

SUMftURY 

In an investigation of the plasma-ccll partition of blood lead the fonowing 
conclusions were reached; 

(1) At least 90% of the total blood lead of rabbits is found in the cell fraction 
after separation of the latter by centrifugation; this applies both to normal ani- 
mals and to those exposed to large quantities of lead. The same is true in the 
case of human blood. 

(2) It is probably correct to assume that the lead found in the cell fraction 
after centrifugation of rabbit blood is there by \drtue of an actual association 
with the cells, and not as the result of the formation of a lead compound which 
settled out %vith the cells during the centrifugation. If some lead compound 
of this type is present in blood it is formed only in the presence of the cells, 
not the plasma alone. 
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(3) There is no significant difference between the plasma-cell lead partition 
in arterial blood and that in venous blood. 

(4) The use of heparin, potassium oxalate, or sodium citrate does not cause a 
significant change in the plasma-cell lead partition. 

(5) The plasma-cell and the serum-clot partitions of lead in rabbit blood do 
not differ significantly. 

(6) When lead chloride solution is added to the whole blood (heparinized) 
of normal rabbits most of the lead is taken up by the cells; over 90% of the total 
lead is found in the cell fraction with lead levels as high as 0.35 mgm. of lead 
per 100 grams of blood, while at 0.55 mgm. per 100 grams at least 80% of the 
lead is associated with the cells. 

(7) When lead chloride solution is added to the heparinized plasma of the 
blood of normal rabbits the reactivity of the lead is interfered wth in some way 
by the plasma, so that when the cells are returned to the plasma, their removal 
of the lead is retarded; 24 hours are needed for the removal of as much as 75% 
of the total lead. 

(8) This reduced ability of the cells to remove lead which has been added to 
blood plasma is not due to changes suffered by the cells during centrifugation, 
but is caused by some type of reaction of the lead with the plasma. 

(9) These facts indicate that there is a rapid reaction between lead and some 
constituent of the cells, taking precedence over the reaction that occurs in plasma 
in the absence of cells. Presumably, the reaction with the cells results h. the 
formation of a more insoluble — or less reactive — compound than that which 
is formed mth the plasma. 
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Since the time of the introduction of bismuth into the therapy of syphilis 
many different preparations have been employed with various advocates stress- 
ing the superiority of one or another of the many types. In general, consider- 
able emphasis is, and has been, placed upon the relative safety, efficiency, and 
freedom from annoyance to the patient. In the experimental field, efficiency is 
usually expressed in terms of the therapeutic index. The mode of administra- 
tion is generally quite important in respect to toxicity, as is proven by the fact 
that when bismuth preparations are administered intravenously all are extremely 
dangerous, while on intramuscular injection tolerance is, as a rule, very much 
higher. The well-known differences in rates of mobilization of different prepara- 
tions from intramuscular deposits have often led to misconceptions regarding 
the significance of this factor. The rates of absorption from intramuscular 
deposits, the rates of elimination and intermediary dissociation of bismuth, in 
some form or other, from the original complex, are obviously all basic factors 
bearing on the question of toxicity. It was therefore the problem of the writers 
to analyze some of the various factors bearing on the questions of toxicity and 
therapeutic efficiency. Especial attention has been paid to similarities as well 
as differences between certain representative members of the various t 3 'pes of 
bismuth preparations. 

The five bismuth preparations discussed in a preliminary report (1) from this 
laboratory were used in this study and are taken to be representative of the 
various types.' They are thiobismol and bismuth sodium citrate, both .soluble 
in water and very rapidly absorbed from intramuscular deposits, bismuth sodium 
tartrate, also water-soluble, iodobismitol, rather more slowly absorbed, and 
bismuth ethyl camphorate, an oil-soluble preparation, rather slowly absorbed. 

Of the five, all but thiobismol are precipitated in tissues following intramuscular 
injection and precipitated in serum in vitro. 

As stated above, the usual basis for comparing two or more agents in specific 
chemotherapy is to determine their therapeutic indices (T-I.), which are t e 
ratios of maximal tolerated {M.T.B.) to the minimal curative doses (A . . .}. 
Owing to the well-knorvn fact that the rate of absorption from intramuscular 
deposits is more or less specific and variable for each of the various iismu 
preparations, it seemed highly desirable to avoid this basic difference by emp oy- 

1 We wish to thank Parke, Davis <fc Company for the thiobismol, G. D. Searie & Company 
for the'bismuth sodium tartrate, and The Upjohn Company for the bismuth sodium citrate 
and the bismuth ethyl camphorate. 
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ment of the intravenous route of administration of these drugs in one phase of 
this work. Data obtained from such experiments are then available for com- 
parison with corresponding data obtained by the intramuscular route of 
administration. 

Toxicm* STUDIES. For the determination of the M.T.D, of each preparation 
healthy rabbits of about 2 kilograms body weight were employed. They were 
kept under uniform housing conditions and fed on a diet of alfalfa and oats. 
The intravenous M.T.D. was determined by single injections into the marginal 
ear veins at the rate of 1 mgm. of bismuth, as metal, per minute. When this 
rate of injection was strictly adhered to there were no immediate deaths ascrib- 
able to flocculation or embolism but instead, with a fatal dose, death occurred in 
from three to seventeen days. Tissues obtained at autopsies revealed the 
typical renal damage characteristic of subacute bismuth poisoning. For the 
determination of the M.T.D. by intramuscular administration the preparations 
were injected in relatively small volume into the thigh muscles. The M.T.D. 
were determined as those doses at which 66% of the animals survived for twenty 
days. From three to six animals were employed at each dose. 

Bismuth sodium tartrate, bismuth ethyl camphorate, and iodobismitol, admin- 
istered intravenously, were found to be tolerated at essentially the same dosages 
whereas bismuth sodium citrate and thiobismol apparently were slightly more 
toxic (Tabic 1). Tliis slight difference between the two groups may possibly 
be accounted for by the fact that there are some differences in solubility in 
serum, the less soluble preparations being removed by the rcticulo'cndotheiial 
tissues. The more soluble forms would be less subject to the formation of 
minute particles and hence would remain in the blood stream for a longer time 
to be concentrated in the organ of e.xcretion, namely, the kidney. A recent 
report by Sollmann and Scifter (2) substantiates this interpretation. 

In contrast to the marked similarity of toxicity by the intravenous route of 
administration, these same preparations differ very greatly with respect to 
intramuscular toxicity (table 1). Thiobismol appeared to be essentially as 
toxic when administered intramuscularly as it was when given intravenously. 
At the other extreme, the tartrate was approximately fifteen times more toxic 
intravenously than when given intramuscularly. 

Therapeutic studies. Healthy male rabbits weighing approximately 2 kilo- 
grams were inoculated mth the Nichols’ strain of Treponema pallidum. This 
strain has been maintained in this laboratory since 1923 by passage through 
rabbits at intervals of six to eight weeks. The inoculations were made into the 
testes; the inoculum was prepared in the usual manner from fresh chancre 
material from an infected rabbit and was of such concentration that 0.5 cc. of 
this suspension caused lesions to appear in from five to six weeks. Serological 
tests were made at the Wisconsin Pqrchiatric Institute, under the direction of 
Dr. W. F. Lorenz; the test used wras especially adapted to serological reactions 
of the rabbit. * 

Only rabbits with typical lesions were chosen on the sixth to eighth vreek 
after inoculation. In the determination of the M.C.D. of each compound two 
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procedures were employed, namely, the single and multiple dose system. This 
was done for purposes'of comparison. The animals were treated by injecting 
the bismuth preparation either intramuscularly or into the marginal ear vein 
at the rate of 1 mgm. of bismuth, as metal, per minute. The single M.C.D. was 
taken as that dosage which when given in one injection cured 66% of the ani- 
mals, while the multiple M.C.D. was taken to be that dose which when given 
three times at weekly intervals cured the same percentage of the animals. From 
one to five animals were used at each dose. As a criterion of cure, popliteal 
lymph nodes from each treated animal were transferred, three weeks after the 
last treatment, into the testis of each of two recipient animals. Only rabbits 

TABLE 1 

Summary of maximal tolerated {M.T.D.) and minimal curative (M.C.D.) doses and therapeutic 

indices (T.I.) 


Dosages are expressed as milligrams of bismuth metal per kilogram body weight 


PBOCCDUSC 

Bisvum 

soonni 

TABTBATE 

BISITDTB 

ETHYL 

CASJPHOBATI 

rooo- 

. HJSaOTDL 

BI5UUTB 

SODIUU 

crntATE 

THIOBISUOL 

M.T.D. 

Single injection 

\ 

4-0 

5.0 

5.0 

3.0 

1.5 


59.0 

40.0 

20.0 

10.0 

2.0 

M.C.D. 

Intravenous 

3.0 

3.0 

3.0 

3.0 



1.5 

1.5 

, 1.5 

1.5 

1.0 


i 4.5 

' 4.5 

' 4.5 

4.5 

' 3.0 

Intramuscular 

1 

3.0 

3.0 

3.0 

3.0 

1 


1.0 

2.0 

2.0 

1.0 

1.5 


3.0 

6.0 

6.0 

3.0 

4.5 

T.I. 

Intravenous 

1.3 

T.7 

1.7 

1.0 



2.7 

3.3 

3.3 

2.0 

1.5 

Intramuscular 

19.6 

13.0 

6.5 

3.3 



59.0 

20.0 

10.0 

10.0 

1.3 








with negative serological reactions were employed as recipients, which were then 
observed for from eight to twelve weeks for the development of lesions or posi- 
tive serological reactions. 

As may be seen from table 1, the M.C.D. of each drug, with the exception o 
thiobismol, was essentially the same whether given intravenously or 
muscularly, or as single or multiple doses. The therapeutic index (M.T. ./ 
M.C.D.) in all of the intravenously treated animals and for all the drugs, excep 
thiobismol, was slightly over one. On the ofher hand, there exists ^ 

difference in M.T.D., and therefore in the therapeutic indices, when the drugs 
are given intramuscularly'. Thiobismol, apparently owing to its rapid absorp- 









BISMUTH PnEPAIlATIONS 


341 


tion, is not well enough tolerated to cure in a single dose but does so in three 
slightly smaller doses given at weekly intervals. 

It is to be noted that all curative doses are of the same order of magnitude 
regardless of the route of administration. Again, it is to be seen that, intra- 
venously administered, the M.T.D. are all of the same order of magnitude. 
There are slight differences in readiness of dissociation, as indicated by readiness 
of production of flocculation when put directly into serum, which fact may well 
account for the minor inequalities in toxicity. The one clear-cut and distinctive 
differential feature of the various preparations is in the M.T.D. when they are 
admimstered intramuscularly. The therapeutic index, and hence the therapeu- 
tic margin of safety, is greatest in those preparations which, w'hen given intra- 
muscularly, are best tolerated. Thus, the intramuscular injection, as a mode of 
administration, offers the greatest safety for most of the preparations. One of 
them, thiobismol, as mentioned above, appears to be as toxic intramuscularly as 
intravenously, hence yields the same therapeutic index by either route of adminis- 
tration. It would follow, also, that both curative and toxic reactions, in the 
present series, are dependent upon or proportional to the content of elemental 
bismuth. This inference is supported in part by the observations of Eagle (3) 
and of Kolmer and his associates (4) in their study of the therapeutic action of 
various preparations of bismuth on spirochetal suspensions in vitro. 

Other investigators have presented a very considerable amount of data on the 
M.C.D. of various bismuth preparations given intramuscularly in the therapy of 
experimental syphilis (5, 0, 7, 8). An analysis of these data reveals that when 
the dosages are reduced to terras of metallic bismuth the curative dosages mostly 
fall into an order of magnitude similar to the figures presented above. Kolle (7) 
and IClauder (8) have reported data on intravenous therapy using other prepara- 
tions which also fall -within the ranges of our own figures. Hence a correlation 
of such data would appear to support indirectly the conclusion presented herein. 

The basic similarity of all of these bismuth preparations is indicated further- 
more in a recent report from this laboratoiy (9), where it was found that of the 
three preparations studied, all were therapeutically additive when given with 
mapharsen. Thus, one-fourth, one-half or three-fourths of 1 milligram of ele- 
mental bismuth, in the compounds reported upon, when co-acting with three- 
fourths, one-half or one-fourth, respectively, of 1 milligram of mapharsen, each 
per kilogram, are curative combinations for syphilis in the rabbit. 

It may be of practical interest to mention, incidentally, that mapharsen has the 
same M.C.D., expressed as compound, in rabbit sj'philis as have the various bis- 
muth compounds when the dosages of these are expressed in terms of elemental 
bismuth. It is evident, then, that therapeutically in rabbit sj'philis, 1 milligram 
of elemental bismuth, in any of the forms employed in this study, happens to be 
equivalent to 1 milligram of mapharsen. 

&UMM.\RY 

(1) There exists a striking qualitative and quantitative similarit 3 ' of toxicitics 
or limits of tolerance as well as of antisyphilitic potencies among the various bis- 
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muth preparations when they are administered intravenously. When they arc 
administered intramuscularly, the ant%philitic action does not differ signifi- 
cantly from that seen on intravenous injections, even though, the tolerance by the 
host for most of the preparations is markedly increased. 

(2) The similarity of the M.T.D. and the T. I. of the compounds when ad- 
ministered intravenously, in contrast to their marked differences when given 
intramuscularly, indicates that the difference in rate of absorption from intramus- 
cular deposits is the chief and most important factor accounting for any variation 
in behavior -which does appear. 

(3) From the results obtained in this study and from a survey of reports by 
others, it is evident that all of the bismuth preparations, by and large, manifest 
their therapeutic activity as well as toxicity in direct proportion to their elemental 
bismuth content. 

(4) The similarity of the M.C.D. of any preparation of bismuth by either route 
of administration and the similarity in the toxicity of any of the bismuth prepara- 
tions when given intravenously suggest that basically all preparations of bismuth 
ultimately act in a common form rather than the form in which they are injected. 
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Acute selenium poisoning in range livestock has often been called “Blind Stag- 
gers” and is not uncommon among range animals in seleniferous areas, especially 
when they are being moved from one range to another. Usually grasses are 
among the first range plants to dry up, leaving the Astragali and other highly 
seleniferous plants in increased proportion. of the succulent plants on the range. 
Even though many of these plants have a strong characteristic odor, and are not 
eaten under normal range conditions, animals will often eat them when they are 
hungrj'. This is especially true when the herd Is moving (spot grazing) and there 
is not enough time to discriminate between the toxic and non-toxic plants. The 
symptoms accompanying “Blind Staggers” have been adequately described 
(1, 2, 3) but they may be briefly summarized as (in the last stages): varying de- 
grees of paralysis, abdominal pain, grating of teeth, salivation and grunting. 
Death usually results from failure of respiration. 

A method of treating such animals would be of considerable value. However, 
knowledge of the physiological effects of selenium salts is a prerequisite to the 
development of such a procedure. 

Probably the first report of the toxicity of selenium compounds for the labora- 
tory animal was that of Gtnelin (4). He observed that selenium was very toxic 
and that shortly after its administration the animal gave off a garlic-like odor in 
its breath. In a review' of the early W'ork on selenium toxicity, Jones (5) states 
that as tliis garlic-like odor appeared, animals became restless, mouthing their 
tongues and vomiting. Somnolence appeared, gave way to unconsciousness and 
ultimate death. These gross symptoms have been confirmed with several species 
of animals including the rat, which does not vomit, but does undergo spasmodic 
contractions of the flanks which distress it greatly (Franke and Moxon (6)). 

Franke and Moxon (6) also reported that intraperitoneal injection of sodium 
selenite at a level of 3.25-3.5 mgra./kgm. of body weight was sufficient to kill 
75% of young rats. Sodium selenate was not as toxic as the selenite since about 
6.25-5.75 mgm./kgm. w'ere required to give the same per cent of deaths. Smith, 
Stohlman and Lillie (7) reported that among the common laboratory animals the 
rat was the most resistant to selenium poisoning while the cat was least resistant. 
They reported no difference in the degree of toxicity of selenite or selenate w'hen 
injected intravenously, 1.6-3.0 mgm./kgm. being the minimum lethal dose for 
rabbits, cats and rats. They likewise reported that the method of administra- 
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tion, feeding or injection, made little difference on the degree of toxicity. Work 
in this laboratory would indicate that animals which receive selenium orally or 
by intraperitoneal injections are able to withstand higher dosages than those 
which receive subcutaneous injections. This applies to both rats and dogs. 

As early as 1935 Painter (unpublished data) observed that when rats were in- 
jected with lethal doses of selenium, their hemoglobin levels .sometimes increased 
from 15 to 25 grams per 100 cc. of blood. This was confirmed in dogs by Moxon 
in the same year (unpublished). 

Such a profound change in the hemoglobin concentration soon prompted the' 
question, “What happens to the other blood constituents?” Since rats' are too 
small to supply adequate blood samples for detailed analysis dogs have been used 
as experimental animals. In this report we present the results of investigations on 
the effect of injected selenium salts on the blood picture of dogs together with 
data which indicate the minimum fatal dose of sodium selenite for the dog. 

Experimentai,. Actions of the dog due to the severe griping and pain resulting from 
Belenium administration make it very difficult to obtain blood samples at regular intervals 
of time and it is especially difficult to moke blood pressure measurements. Therefore these 
studies were made on dogs which were under barbital depression. The drug was adminis- 
tered orally in capsules at a level of ISO mgm./kgm. of body weight. In addition ether 
anesthesia was employed for just the time necessary to cannulite the femoral artery. 
Blood samples were usually withdrawn from the jugular vein with n hypodermic needle, 
although the fall in blood pressure just preceding death made it necessary in some cases to 
take the last samples directly from the heart. As a general policy, blood samples were 
taken immediately before the administration of barbital and at 30 minute intervals there- 
after. The selenium salt was injected subcutaneously above the shoulder 60 or 90 minutes 
later depending upon the time necessary for the full effect of the barbital. Thus, changes 
in the blood picture before selenium was injected indicate the effect of barbital and brief 
ether anesthesia. As a further check on the effects of barbital and. ether, control animals 
(receiving no selenium) were also studied. 

Fffeci on the blood picture. Analyses of the blood included the following determinations: 
hemoglobin, determined as oxyhemoglobin by the method of Evelyn and Malloy (8); in- 
organic phosphorus by the method of Fiske and Subbarow (9), adapted for use on the photo- 
electric colorimeter; ascorbic acid, by the method of Mindlin and Butler (10); calcium, fay 
the method of Clark and Collip (11); glutathione, by the method of Benedict and Gottscha 
(12); blood sugar, by the method of FoUn and Malmros (13); non-protein nitrogen, by t e 
method of Folin and )Vu (14); and selenium, by the method of Klein (15). Not all of these 
determinations were made on each sample from each dog because of the limit to the size o 
the samples when they are taken at 30 minute intervals. Normal or control estimations 
were made on blood samples taken from most of the dogs before they had received any 
selenium. . 

All dogs were in good health and had been maintained on our stock dog ration for a en 
weeks before they were used for these studies. This ration has the following composition, 
cooked corn meal 72%; tankage 18%; lard 5%; salts 3%; cod liver oil !%; yeast 1%. 

Table 1 summarizes the effect on the blood picture of dog no. 1. This dog was 
under barbital depression throughout the experiment and ether anesthesia 
the cannula was being inserted. Sodium selenite was injected at a level of ^ 
mgm. Se per kilogram. No blood sample was taken from this dog before the 
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After 30 minutes the dog exhibited nausea and vomiting. Ten minutes later 
a copious discharge of serous fluid from the respirator}* tract was observed. At 
55 minutes the blood pressure fell very sharply, just before the animal died. On 

TABLE 1 


Changes in the blood of dog no. I xehich received sodium selenile equivalent to S 6 mgm. 
selenium/kgm. body \teight; mature dog, weight £S £ kilograms 


DETEIllJWAriON 


1 mSVTES AFTES INJECTION 



0 

30 

ss 

Hemoglobin (grams/%) 

Whole blood 

17 4 

19.2 

28.2 

Hematocrit (% cells) . . 

Whole blood 

46 

50 

68 

Ascorbic acid (mgm %) 

Plasma 

.501 

1.120 

443 

Inorganic P (mgm %) 

Whole blood 

1 80 

1.36 

1.18 

Blood sugar (mgm. %) 

Whole blood 

87 3 

83.0 

60.7 

Non-orotein nitroecn (mcm. %) 

Whole blood 

04 

39.2 

26.4 

Selenium (p.p.m.) 

Blood pressure (mm. of Hg) 

Whole blood i 

0.0 

140 

5.2 

113 ! 

6.0 

65-0 


Survival time after aelcnium iajectton,55minutca. 



Fig. 1. riioTOGiiArn of the MESESTEnic Abba or a Doo Which Has Received a Fatal 
Dose or Selenium (2 5 mcm /kou ) as NbiSc04 
Note the engorgement of tiic larger I»lood vessels and the beading in the smaller vessels 


autopsy then; was observed a beading of the smaller blood vessels (fig. I) through- 
out the mesenteric area. Also there was some fluid in the tlioracic cavity. 

Blood analyses showed a progre«five rise in licmoglobin values from J7.4 to 
28.2 grams per 100 cc. of blood, an increase of C2%. Hematocrit valnc.s showed 
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a similar trend, rising from 45 to 68%. Ascorbic acid values rose sharply and 
then fell. Initial inorganic phosphorus values were low, but they fell even lower 
after selenium administration. Blood sugar dropped from 87.3 to 56.7 mgra. 
per 100 cc. and non-protein nitrogen dropped from 94 to 26.4 mgm. per 100 cc. 
The selenium concentration of the blood reached a level of 5.2 parts per million 
at the time nausea and vomiting were observed and rose to 6.0 just before the 
animal died. It has been found that this result is typical of the dog which has 
received slightly more than a minimum fatal dose of selenium administered sub- 
cutaneously as sodium selenite. 

To determine the effect of barbital and ether on the blood picture of the dog, 
a control animal (dog no. 5) was subjected to the same treatment as dog no. 1 
except that it received no selenium. Table 2 summarizes data from this dog. 
Since the variations obsei-ved for this animal do not follow the trends for the 
selenized animal it is possible to differentiate the two. The results on this animal 
(dog no. 5) were typical of other animals used as controls. Vitamin C and 
inorganic phosphoms data for two other control dogs under barbital depression 
are given in table 6. The hemoglobin concentration, hematocrit, and blood 
pressure remained unchanged while inorganic phosphorus exhibited a slight rise. 
The greatest effect was shown in the marked rise in non-protein nitrogen. These 
effects are directly opposed to those seen in a selenized dog. 

Some dogs showed a resistance to selenium poisoning, that is, the onset of death 
was de!a 3 '’ed and the concentration of the formed elements of the blood was not as 
marked. The effect of selenium (2.25 mgm. per kilogram) on the blood picture 
of such a resistant animal (dog no. 4) is shonm in table 3. In this case the hemo- 
globin increased onlj' 13.3% (from 19.5 to 22.1 grams per 100 cc.) as compared 
with an increase of 62% for dog 1. Hematocrit values increased from 51.0 to 
55%. Most significant was the marked rise in ascorbic acid in the plasma, an 
increase from 0.72 to 1.575 mgm. per 100 cc. The inorganic phosphorus in the 
blood of this dog dropped significantl.y before the selenium was injected and re- 
mained very low throughout the experiment. The greater survival time after 
Se injection shown by this dog in contrast to the verj' short survival of dog no. 1 
w'as notable. Dog no. 3 (table 4) received less Se (2.0 mgm./kgm.) but survived 
only 120 minutes. The ascorbic acid level in the blood of dog no. 3 was much 
lower at the time of selenium injection and even though it did double in concen- 
tration it did not reach the initial level of dog no. 4. 

One dog (no. 6) failed to exliibit the tj’-pical rise in hemoglobin and hematocrit 
but showed a very striking rise in ascorbic acid (table 5). In this dog the blood 
sugar, instead of increasing, decreased from 124 to 101 mgm.% in the plasma. 
The level of inorganic phosphorus and non-protein nitrogen decreased as usual 


and the blood pressure curve was typical. 

Since two of the resistant dogs showed high levels of ascorbic acid in their 
blood, we next tried injecting ascorbic acid to raise its concentration in the blood _ 
in an effort to increase the resistance of the dogs. The ascorbic acid was dis- 
solved in M/15 phosphate buffer at pH 7.2. The resulting solution contained 20 



TABLE 2 

Changtt in the blood of dog no. S whtch received no eeleniitm, serving as a control to establish the effects of barbital and ether', mature dog, weight 

'lli kilograms 
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mgm. of ascorbic acid per cc. and served a dual purpose by furnishing phosphate 
as well as ascorbic acid. 

The results %vith the first dog (llB) to receive the ascorbic acid are shown In 
table 7 . Ninety minutes after barbital administration the dog received an injec- 
tion of ascorbic acid. Thirty minutes later sodium selenite was injected. Note- 
worthy is the fact that the hemoglobin concentration did not go above 16.8 

TABLE 4 


Changes in the blood of dog no. 3 which received sodium selenite equivalent to S.O mgm. 
selenium/kilogram; mature dog, weight SB.S kilograms 


DzmarDfATion 


xmE iM unwizs Arrei Se injection 

0 

30 

60 

90 

105 

120 

Hemoglobin {grams/%) 

Whole blood 

17.6 

18.2 

19.3 

22.1 

23.0 

25.0 

Hematocrit (% cells) . . 

Whole blood 

39.0 

45.5 

48.0 

54.5 

59.0 

62.0 

Ascorbic acid (mgm. %) 

Plasma 

0.237 

.388 

.432 

.796 

.612 

.464 

Blood sugar (mgm. %) . 

Whole blood 

147 

108 

96 

S9.6 

74.5 

79.5 


Survival time after selenium injeotion 120 minutes. 


TABLE 5 

Changes in the blood of dog no. 6 which received sodium selenite equivalent to g.S5 mgm. 
selenium/kilogram; mature dog, weight 17.S0 kilograms 


CErCEirtNATfON 

SAiCPLE 


TIME IN MINCTES ATTEE Sc mjECTION 


0 

30 

60 

90 

120 

j ISO 

1 160 

Hemoglobin (grams 
%) 

Whole blood 

13.2 

14.2 

15.0 

15.3 

16.2 

16.5 

IS.9 

Hematocrit (% cells) . 

Whole blood 

35.0 

35.5 

38.0 

38.0 

41.5 

42.5 

36.5 

Ascorbic acid (mgm. 
%) 

Plasma 

.614 

.722 

.885 

1.240 

1.135 

1.500 

1.675 

Inorganic P (mgm, %) 

Whole blood 

3.87 

3.36 

2.77 

2.87 

2.68 

2.90 

' 3.18 

Blood sugar (mgm. %) 

Whole blood 

124 

122 

118 

106 

109 

101 

103 

Non-protein nitrogen 
(mgm. %) 

Whole blood 

61.2 

61.2 

79.0 

62.5 

33.0 

37.5 

40.0 

Selenium p.p.m 

Whole blood 

0 

3.8 

2.3 

3.0 

2.0 

3.1 


Blood pressure, mm. 
Hg 


113 

119 

111 

112 

102 

90 

65 


Survival time after selenium injection 160 minutes. 


grams per 100 cc. The level of ascorbic acid was at its maximum from 30 to 60 
minutes after it tvas injected. Then the concentration decreased until just before 
the animal died when it rose sharplj'. This dog lived 255 minutes after the ad- 
ministration of the selenite while dog no. 3 (table 4) which received the same 
amount of selenium per kilogram of body weight but no injection of ascorbic aci 
lived only 120 minutes. 

The next dog, no. 12 B (table 8), was given ascorbic acid 30 minutes after the 
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injection of sodium selenite. Under the influence of selenite the hemoglobin rose 
from 11.1 to 15.1 grams %, but -when ascorbic acid was injected it decreased 
again to 14.1 grams% and remained at about that level for at least 7 hours. 
The ascorbic acid may have delayed the onset of death since this dog did not die 
until 2 days later. 


TABLE 6 

Changes in the blood o/ dog no. IS vhiek received eodium selenUe equivalent to 2.5 mgm. 
ielenium/kilogTam 

Survival time after eelenium ioiection 120 miautea 
Young dog, weight 10.12 kilograms 


BETEMUjrATlOK 

sucru 



Tmz nruzKVTes 



0 

30 

W* 

90 

lio 

isot 

I«0f 

Hemoglobin (gms./ 
%) 

Whole blood 

17.0 

16.1 

14.6 

15.5 

17.2 


24.8 

Inorganic P (mgm. 
%) 

Plasma 

3.1 

5.3 

6.2 

4.4 

3.7 

4.7 

6.8 

Ascorbic acid (mgm. 
%) ' 

Plasma 

.201 

.243 

.207 

1 .266 


.604 

.645 

Glutatidone (mgm. 
%) 

Whole blood 

51.4 

51.4 

49 4 

24.6 

30.6 

63.0 

I 83.2 


Changes in the tfood o/ dog no. li %chie\ received no selenium (control) 
Young dog, weight 7.3 kilograms 


BEtXUrCMjtTICBf j 


1 TDCEXKUcnrrzs 


0 1 

90 

eo 


!S0 

Ascorbic acid (mgm. %) .. 
Inorganic phosphorus . ^ 

Plasma 

Plasma 

.414 ' 
4 47 

1 

.298 ! 
4.05 

1 

.402 

4.82 

.888 

4.60 

1 

.394 

3.90 


Changes in the blood of dog no. 12 which received no selenium (control) 
Mature dog, weight 16.8 kilograms 


IlEIEEJilNATION 


1 TWEIHUlKirRS 


0 

30 

<0 

90 

150 

Ascorbic acid (mgm. %) ..' 
Inorganic phosphorus. . . . 

Plasma 

Plasma 

.392 1 

4.23 1 

.410 
4. OS 

.694 

5.02 

.630 

4.92 

.622 

4.73 


• Selenium injected, dog No. 13. 

t The last 2 samples from dog No 13 were drawn by heart puncture. 


Dog no. 14 (table 9) was given more than a minimum fatal dose of sodium 
selenite (2.5 mgm. Se/^gm.). It has been our experience (table 1) that dogs 
which receive this high dosage die within an hour foUon’ing the injection. IVith 
this dog the administration of ascorbic acid was begun 30 minutes before selenium 
injection and repeated every 30 minutes in an effort to build up and maintain a 
high level in the blood. The dog died 2J hours after the selenium injection, 
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showing that the ascorbic acid in the phosphate buffer was not able completely 
to offset the toxic effects of selenium at the level used. However, it did appear 
to prolong the life of the dog, since other dogs which have been injected with this 
high level of sodium selenite have died soon after symptoms of suffocation -were 

TABLE 7 

Changes in the blood of dog no.llB which received an injeeCion of ascorbic acid in — phosphate 

15 

buffer followed after SO min. by sodium selenite equivalent to g.O mgm. selenium/kilogram; 
mature dog, weight 7.SB kilograms 



M 

* Ascorbic acid equivalent 5 mgm./kgm. in— phosphate buffer at pH = 7.2. 

15 

t NajSeOa injected. 

Survival time after selenium injection 255 minutes. 

TABLE 8 

Changes in the blood of dog no. ISB which received sodium selenite equivalent to S mgm, 
selenium/kgm. followed after SO min. by ascorbic acid ^ phosphate buffer; mature 

dog, weight 16.83 kilograms 

I 1 TOW Df wiNVrrs 


DETERJIUfAXrON 


W 1 120t I 150 180 


Inorganic P o no 

(mgm. %)... Plasma 3.42 3.06 2.91 3.40 3.02 2.65 2.39 2.11 2.90 

Hemoglobin „ , n 

(grams %)... Whole blood 13.9 12.9 11.1 15.1 14.1 14.2 13.9 12.1 is- 

Ascorbic acid 

(mgm.%)... Plasma .344 . 45 6 .453 . 494 . 864 .720 . 667 .488 . 805 

* NaiSeOa injected. 

t Ascorbic acid equivalent to 5 mgm./kgra. 

The dog died two days later. 

observed, while this dog showed symptoms of suffocation for 90 minutes before 
death. More data are necessarj' to confirm this observation, but the ex en e ^ 
period in which the animal was apparently suffocating before death was teri 
striking. . . 

Minimum fatal dose. Results from 23 dogs indicate that subcutaneous inj 
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tion of sodium selenite at a level of 2.0 rogm. of selenium per kgm. body weight 
was fatal to over 85% of the animals. Levels of 1.5 mgm./kgm. killed only occa- 
sionally. If, however, 1.5 mgm./kgm. were given followed by 0.5 mgm./kgm. 
after 24 hours, the animals invariably died within the next 48 hours. Thus, the 
minimum fatal dose of selenium for the dog lies between 1.5 and 2.0 mgm. per 
kilogram of body weight when injected subcutaneously. See table 10. 

TABLE 9 

Changes in the hlood of dog no. 14 which received sodium selenite equivalent to S.5 mgm. 
selenium/kgm. with injections of ascorbic acid tn ^ buffer at SO min. intervals until 


death; young dog, weight IS.ti kilograms 


DCTEUOKATIOM 

SAltFlE 

TDK m lONims 

0 

30 


Mt 

120 ! 

ISO 

ISO 

210 

2102 

Inorganic P 











(mgm. %).. 

Plasma 

5 75 

6.00 

6.23 

6.85 

6.18 

5.41 1 

4.29 



Hemoglobin 











(grams %)... 

Whole blood 

16.3 

15.0 

13 0 

12.5 

15 8‘ 

19.0 

20.2 

20.7 

25.9 

Ascorbic acid 










1 

(mgm. %).... 

Plasma 

382 

.805 

.865 

.920 

.821 

.683 

.642 

1.270 

.292 


• Ascorbic acid equivalent to 5 mgm./kgm. repeated every 30 minutCB. 
t MaiSeOt injected. 

j The last sample was taken by heart puncture. 

Survival time after selenium injection 150 minutes. 

TABLE 10 

iSwmffiory of data on minimum fatal dose of selenium (sodium selenite) for gs dogs 

Range of dosage • • .... 1. 0-4.0 mgm. Se/kilogram 

Lowest dosage to cause death in 24 hours 1.5 mgm. Se/kilogram 

Highest dosage which did not cause death in 24 hours 2.25 mgm. Se/kilogram 

Range of dosage killing 75 per cent in 24 hours . 1.50-2.00 mgm. Se/kilogram 


Discussion. The minimum fatal dose of selenium for the dog appears to be 
very nearly the same as that for the rat, when expressed on the same basis. We 
have preferred to use subcutaneous injection for the administration of the selen- 
ium because it gives the most uniform response. Intraperitoneal injections are 
sometimes accompanied by other complications which cause delayed death of the 
animal. Oral administration gives less consistent results depending upon the 
speed of assimilation and possibly the action of bacteria in the intestines. Ani- 
mals are able to withstand somewhat larger doses when the selenium is adminis- 
tered orally or intraperitoneally and it would appear then that either the con- 
centration or the toxicity of the selenium is somewhat reduced before it reaches 
the systemic circulation. Ultimately the oral method of administration will have 
to be investigated since animals which suffer from acute selenium poisoning under 
range conditions receive the seleinum in their feed. The s>'mptoins resulting 
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from either method of administration are comparable but the minimnni fatal dose 
is slightly lower when the selenium is injected subcutaneously. 

The marked increase in the concentration of hemoglobin with the resulting 
increase in viscosity of the blood may in part explain the symptoms of suffoca- 
tion. However, the observation by Potter and Elvehjem (16) that selenium 
inhibits the action of succinoxidase (succinic dehydrogenase) is another factor to 
be considered. 

While the typical response shows a fall in inorganic phosphorus, the results are 
somewhat variable, especially when barbital and ether are used to depress the 
animal. In the five control dogs, which were treated in the same manner as 
those receiving selenium, we did not observe any significant lowering of the in- 
organic phosphorus of the blood as a result of veronal depression or ether anesthe- 
sia. However, we did observe a distinct drop in inorganic phosphorus in some of 
the dogs (which were to receive selenium) during the premedication or depression 
period. Subsequent work Avith more animals has shown that ether anesthesia 
and occasionally barbital depression may decrease the level of inorganic phos- 
phorus in the blood. In each case, however, the selenium injection caused an 
additional fall. This was observed both in whole blood and in the plasma, which 
indicates that it is not merely a depletion effect brought about by the loss of fluid 
from the blood. Similar effects were noted for blood sugar and non-protein 
nitrogen. 

The relationship between selenium and the reducing substances (glucose and 
ascorbic acid) is especially worthy of consideration since early workers (reviewed 
fay Jones (5)) reported that there was a deposition of the red, amorphous form of 
metallic selenium in all tissues of animals which received injections of sodium 
selenite. After studying the reducing effects of various carbohydrates on sodium 
selenite Jones (5) concludes that glucosamine and fructose are capable of profuse 
reduction while glucose, arabinose, maltose and lactose are all capable of reducing 
the compound. He also reports that the amorphous form of metallic selem'um^ is 
physiologically inert since animals which are able to survive such a dose of seleni te 
could function normally so far as could be determined, while their tissues still 
contained the amorphous selenium. _ 

The addition of ascorbic acid to the list of reducing agents (Levine (17)) offers 
a possible explanation of its beneficial effect. However, it may also exert a direct 
action on the capillaries, preventing the otherwise great fluid loss. It is also 
possible that some of the beneficial effects which resulted from injectioiK of ascor- 
bic acid may have been due in part to the phosphate buffer in which it was da- 
solved. Further work is necessary to clarify tWs point, as wnll as to study t e 
effects of injections of glucose. _ . • u 

Svirbely (18) reported that rats suffering from acute selenium poisoning show 
marked decreases in the vitamin C content of their livers and adrenals. He a so 
reported a protective action by glutathione in maintaining reduced ascorbic aci 
in the presence of selenium salts. Preliminary data from one dog (no. 13) s ow 
that the glutathione content of the blood parallels the general reduction and ter- 
minal increase in ascorbic acid (table 6). Perhaps the relationships between 
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glutathione and ascorbic acid will explain why some dogs are able to mobilize 
large amounts of the latter into their blood stream and in some way exhibit in- 
creased resistance to the selenium. Reduced glutathione has been found to be 
effective in protecting rats against lethal doses of selenium in this laboratory 
(19). It was, however, necessao' to supply the glutathione in a ratio of ten moles 
to one mole of selenite. More work will be needed to clarify the exact roles and 
interrelationships of glutathione, ascorbic acid, and blood sugar, but perhaps 
therein lies the explanation for the general decrease in ascorbic acid in the blood 
of most of the dogs, and marked increase in resistant dogs. 

The importance of the loss of non-protein nitrogen cannot be stated at this 
time, but the decrease in concentration of this fraction is greater than might be 
explained on the basis of fluid loss. 

Blood pressure measurements show a sharp terminal drop. Significant is the 
fact that there is no increase in blood pressure due to selenium injection, thus 
demonstrating that the loss of fluid from the blood is not due to a hydrostatic 
pressure but rather to some direct effect upon the blood vessels. This is con- 
firmed by the observations at autopsy that the small blood vessels arc greatly 
engorged and in some cases have a beaded appearance. 

The concentration of the blood elements with the accompanying accumulation 
of fluid in the thoracic, and sometimes in the abdominal, cavity has been con- 
firmed in this laboratory for the rat as well os the dog. Jones (5) was unable to 
observe these changes in his animals but does not state which animals were em- 
ployed for such a study. Earlier in his report he mentions working wth rats, 
rabbits, and cats but does not state whether one or all three species were used in 
Ws study of the effects upon the blood pressure and erj’throcyte count. It is 
difficult then to determine where the discrepancy lies, but we have found the 
condition easily produced in the rat or dog. 

The changes in the blood picture reported herein are typical for dogs suffering 
from acute selenium poisoning. The changes which are associated with chronic 
selenium poisoning have been described by Moxon* and Rhian*. 

SUMMARY 

(1) The minimal fatal dose of sodium selenite for the dog under barbital depres- 
sion lies between 1.5 and 2.0 mgm. of selenium per kgm. of body weight when 
injected subcutaneously. 

(2) Changes in the blood picture following such an injection are: 

a. A marked increase in hemoglobin and hematocrit values, as much as 62%. 

b. A decrease in inorganic phosphorus, non-protein nitrogen, ascorbic acid and 
blood sugar which is greater than might be explained by the fluid loss. 

c. Preliminary’ data indicate a similar fall in glutathione concentration. 

* A. L. Moxon, M, S. Thesis, S. Dak. State College 1937 (On 6Ie in the S. Dak. State 
College Library'. 

* Morris Rhian, M. S. Thesis, S. Dak. State College 1939 (On file in the S. Dak. State 
College Library). 
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d. Blood pressure is not greatly affected until shortly before death, when it 
falls rapidly. 

(3) Three relatively resistant dogs were encountered, two of which showed 
high values for plasma-ascorbic acid and the other showed high values for blood 
sugar. 

(4) Efforts were made to increase the resistance of dogs by injecting ascorbic 
acid in M/15 phosphate buffer. Results indicate a favorable response when the 
selenium dosage was approximately 1 minimum fatal dose, since the usual in- 
crease in concentration of the formed elements was prevented or greatly reduced. 

Acknowledgement. The authors wish to express their appreciation to Cur- 
tis Jensen, Orville Bentley, Russell Hilmoe, and Bert Maxwell for their assistance 
with the analytical work, and to Morris Rhian for assistance with the manuscript. 
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In a previous investigation (1) it was found that the absorption, distribution 
and excretion of gold after intramuscular administration to rats appeared to be 
related to the physical properties of the compound employed. The water 
soluble compounds were more rapidly absorbed than the insoluble colloidal 
preparations. Likewise, after the administration of the soluble preparations the 
greatest quantity of gold was found in the kidneys, which was in striking con- 
trast \rith the large amount of gold in the liver followmg the injection of col- 
loidal gold compounds. Furthermore, the soluble salts were excreted primarily 
through the kidneys and at a more rapid rate than the insoluble substances. 

Gold Compounds Studied 


0 



C 

in 


Gold Calcium Thiomalate* Gold Thioglucose® 

(50 per cent gold) (50 per cent gold) 

which were excreted chiefly through the gastro-intestinal tract. Since this 
earlier study tw'O additional gold compounds, gold calcium thiomalate and gold 
thioglucose have been made available. Because no data regarding either the 
absorption, distribution or excretion of the gold administered in these com- 

* The Rackham Arthritia Research Unit is supported by the Horace H. Rackhara School 
of Graduate Studies of the Univeraity of IkCcbigan. 

* Supplied by Merck & Co., Rahway, New Jersey. 

* Supplied by Schering Corp., Bloomfield, New Jersey. 
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pounds are available it was thought advisable to investigate them from this 
standpoint and to compare the data with those previously obtained (1). 

Procedure. Two groups of six white rats weighing 160 to 170 grams each were em- 
ployed. Each animal received consecutive intramuscular injections of 1 mgm. of gold over 
a period of 14 days. One group received gold as gold calcium thiomalate and the other 
group as gold thioglucoac. In both instances the compounds were administered in an oily 
suspension. Urine and feces were separated and collected quantitatively. On the fifteenth 
day the animals were decapitated, the tissues listed in table 1 were rapidly removed and 
analyzed for gold by the method of Block and Buchanan (2, 3). The "urine and feces were 
pooled for the entire experimental period and analyzed separately. 


TABLE 1 


Average gold content of various tissues, urine and feces following the intramuscular injection 

of several gold salts 


rrsscE 

COLO CALCnni THIOMALATE 

COLD THIOCLUCOSE 


WfW. 

percent* 

mgm.per\ 

gram 

mgm. 

per cent* 

mgm. per\ 
gram 

Heart 

0.002 

0.01 

0.003 

0.003 


0.004 

Lung 

0.014 



0.012 


HsI 9 

Spleen 

0.029 



0.051 



Liver 

0.218 

1.84 


0.432 



Kidney 

0.448 


0.237 

0.560 


0.298 

Site of injection 

3.917 

27.98 

0.214 

2.239 

15.99 

0.157 

Carcass 

1.S69 

13.38 

0.011 

2.641 

18.86 

0.015 

Urine 

1.822 



3.535 

25.25 


Feces 

3.998 

28.54 


2.740 

19,57 


Total exoretionf 

Total 

5.817 

12.011 

39.41 

88.7 


6.275 

12.213 

44.82 

87.2 



* "Values calculated as per cent of total gold injected, 
t Values calculated as milligrams of gold per gram of tissue. 
i Urine plus feces. 


Results. In table 1 are listed the total amounts of gold found in various 
tissues, urine and feces as well as the amount of gold per gram of tissue. The 
total recovery of gold in the case of gold calcium thiomalate is 12.01 mgm. 
(85.7%) and in the case of gold thioglucose 12.21 mgm. (87.2%). The tota 
amount excreted during the 14 day period is somewhat greater in the case^ o 
gold thioglucose. This is in direct correlation with the slower rate of absorption 
of gold calcium thiomalate as indicated by the greater amount of gold found a 
the site of injection in the animals treated with this salt. In view of our pre- 
vious work (1) this finding was anticipated, since the gold calcium tmoma ^te is 
water-insoluble in contrast to the water-soluble gold thioglucose. e ee is 
difference is primarily associated ivith differences in physical properties o e 
two substances. In spite of the fact that both substances "were a minis ere 
in oily suspension, the difference in physical properties is manifested as soon as 
they come in contact with the body fluids. Likewise the greater excre ion o 
the water soluble substance through the kidneys also confirms our previous n 
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ings. The quantity of gold is greater in the kidneys in both instances than in 
the liver. Thus after the injection of gold thioglucose in oil, gold is compara- 
tively rapidly absorbed, is found in greatest amount in the kidneys and liver, 
and is excreted to a greater extent through the urinary tract. In all these 
respects it behaves similarly to other soluble gold compounds (administered in 
aqueous solution) and quantitatively seems comparable to gold sodium thio- 
malate. Gold calcium thiomalate behaves like other insoluble gold compounds 
in that it is more slowly absorbed and is excreted to a greater extent in the feces. 
But it is more like the soluble gold salts in that the greatest amount of gold is 
found in the kidneys. Thus gold calcium thiomalate stands intermediate in its 
properties between the colloidal insoluble gold compounds (colloidal gold sulfide) 
and the soluble salts such as gold sodium thiomalate (1). 

SUMMART 

(1) Following the intramuscular injection of oily suspensions of gold calcium 
thiomalate and gold thioglucose in the white rat the rate of absorption of gold 
is somewhat faster in the case of the latter compounds. 

(2) Gold was found in larger amounts in the kidneys and liver than in other 
tissues studied. 

(3) Excretion occurs through both the kidneys and gastro-intestinal tract. 
The chief route of excretion of the soluble gold thioglucose is the kidneys while 
gold is excreted primarily in the feces following administration of the insoluble 
gold calcium thiomalate. 
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Trivalent arsenicals of the arsenobenzol series are poorly absorbed from the 
gastrointestinal tract and possess little activity when administered by mouth. 
This is largely due to the fact that, ivith the exception of some interesting 
crystaUoidal fractions recently isolated by Wright (1), the arsphenamines ex- 
hibit colloidal behavior, and arsphenamine itself is largely insoluble at the pH 
of the body. In view of the fact that S-ainino-4-hydroxyphenyl arsenious oxide' 

, is soluble and freely dialyzable at neutrality (2) experiments were carried out on 
its activity orally against Trypanosome equiperdum infections in mice. lUiile ■ 
many arsenic compounds have bfeen investigated for therapeutic activity by 
mouth, interest has largely been centered upon pentavalent arsenicals. 

Since it was anticipated that the arsenoxides would bring about local irritation 
of the intestinal canal, further experiments were conducted in which cysteine 
and glutathione were added to Aso prior to administration, for the purpose of 
decreasing the local and general toxicity. Tliis was based upon the demonstra- 
tion by Voegtlin, Dyer, and Leonard (3) that an excess of glutathione (10 moles) 
could antagonize the lethal effect of trivalent arsenious oxides administered in- 
travenously as well as inhibit their local irritant action (4). Since an excess of 
glutathione was also shown to inhibit the therapeutic activity (5) of Aso intra- 
venously, it remained to be determined to what extent this effect would occur 
when both substances were given by mouth. 

Cohen, ICing, and Strangeways (6) have studied the trypanocidal action of a 
series of thioarsenites. Given intravenously to mice they found the di-glut!^ 
thionyl derivative of S-amino-.^-hydroxyphenyl arsenoxide (Aso) to be one-fift 
as toxic and one-third as active as the parent compound. It is believed that m 
our experiments with oral administration we are dealing with a similar compoun , 
since, as show by the above authors, the condensation occurs readily when Aso 
is mixed with glutathione in aqueous solution. , 

Ewins and Everett (7) investigated a number of arsenic compounds vit 
special reference to oral administration. Their most promising experimen a 
preparations, in the arsinic acid series, failed to materialize when tested again 
human trypanosomiasis and syphilis. Some active oxides were also ’ 

but their evidence indicates that the lowered toxicity was related to insolu 1 1 } 
and poor absorption. 

> Subsequently referred to as Aso. 
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Methods. Albino mice of IS to 25 grams from an inbred strain grown at the Institute 
were employed. Intraperitoneal inoculations were made wth Tryvanosome equipcrdum 
in sufficient quantity to produce death on the fourth or fifth day. Therapy was begun on 
the second day unless examination revealed an inadequate number of trypanosomes in the 
blood. Medication by mouth ivaa administered through a small metal catheter attached 
to the tuberculin syringe. Freedom of the blood from trypanosomes for 30 days was taken 
as a criterion of cure. 

Acute toxicity. The single maximum tolerated dose of Aso orally to mice 
^as found to be 0.15 gram per kgm. This was not appreciably altered by the 
addition of 5 moles of partially neutralized cysteine. When mixed with 2 
moles of glutathione, the tolerated dose was increased more than 3 times, to 
0.5 gram per kgm. With 6 moles of glutathione the tolerated dose was greater 
than 1 gram per kgm.; since this represented 6.5 grams per kgm. of glutathione, 
higher doses at this level were not given. 

The maximum tolerated dose of Aso intravenously in mice was 0.025 gram 
per kgm., which is approximately one-sixth the amount tolerated orally. 

The oral toxicity of arsphenamine is low. Single doses of 1.5 grams perkgm. 
were tolerated by mice, while 2.0 grams per kgm. approached the L.D. 50. It 
is believed that the low toxicity represents poor absorption. 

Results in TRYPANOsoiiB infections in mice. The curative single dose of 
Aso administered orally was found to be 0.04 gram per kgm. This is approxi* 
malely one-fourth the tolerated dose. The addition of 2 moles of glutathione 
did not appreciably alter the curative dose, so that under these circumstances 
mth a tolerated dose of 0.5 gram per kgm. a curative ratio of 12 was obtained. 
The addition of 6 moles of glutathione caused some interference with the thera- 
peutic activity of Aso, noted particularly at the lower dose levels and in the 
experiments with repeated administration; however, curative effects w'ere ob- 
tained with doses of Aso of 0.06 to 0.08 gram per kgm. while the tolerated dose 
of Aso + 5 moles of glutathione was greater than 1 gram per kgm. 

The curative dose of Aso administered intravenously under the conditions of 
our experiments was found to be 0.004 gram per kgm., approximately one-sixth 
of the amount tolerated by this route. 

The ineffectiveness of arsphenamine by mouth is showm in that 0.25 gram per 
kgm. failed to sterilize any of the animals 

Experiments with repeated administration of Aso were undertaken to compare 
the effects of a single curative dose with the same amount of drug given in di- 
vided doses over a period of days. It is seen that one-tenth the curative dose 
given 10 times during 5 consecutive days was no longer curative while one-fourth 
the curative dose given once daily for 4 daj'S gave results comparable to those 
with a single dose.® 

Preliminary experiment in iubbit syphilis. Twenty-one rabbits with 

* Experiments with tractional doses by intravenous injection have been reported by 
S^inyard, Hirschfelder and Wnght (This Journal 76; 307, 1942) since the Bubmission of 
thiB paper. A comparison of results indicates that curative efficiency with fractional 
doses falls off even faster with intravenous adminstration than with oral. 
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testicular chancres® were' divided into three groups. Seven were treated orally 
with 10 mgm. per kgm. of Aso on 2 successive days. Seven were treated with 
this amount of Aso plus 5 moles of cysteine used in the absence of an adequate 
supply of glutatliione. One of the animals in this second group died. Seven 
served as controls. Disappearance of the chancre and negative dark field 
examinations within 10 days were obtained in all treated animals and in none of 


TABLE 1 


Acute toxicity in mice 


■ 

ASO 


XOBTE 

NO. OF MICE 

PERCENT 

MORTALITY 


■sai 

oral 

■■Qlll 

0 



(( 


0 



(f 

10 

0 



<t 

5 

0 



tf 

10 

10 



ft 


28.6 



tt 

Halii 

70 

Aso + 2 moles gluta- 

0.25 

<f 

10 

0 

thione 

0.5 

(C 

16 

6.2 


0.625 

4< 

5 

40 


0.75 

it 

9 

44.4 

Aso + 5 moles gluta- 

0.25 


5 

0 

thione 

0.5 

•• 

8 

0 


1.0 

ft 

II 

9 

Aso -f 5 moles cysteine 


tt 

5 

0 



i( 

10 

20 



It 

10 

40 


0.5 

tt 

5 

100 . 

Aso 

0.015 

i.v. 

5 

0 


0.020 


5 



0.025 


5 



0.030 

II 

5 

100 

Arsphenamine 

1.0 

1.5 

2.0 

oral 

it 

15 

10 

10 

0 

0 

40 


the controls. Although sterilization w'as not established by gland transfer, ese 
experiments demonstrate that Aso possesses treponemicidal activity w en 
given by mouth. 

Gruhzit (8) has reported Aso ineffective orally in rabbit syphilis when 
per kgm. was administered daily for 16 days. This is consistent m our 

’ These were obtained from Mr. T. F. Probey of the Division of Biologies Control of th 
Institute, who kindly cooperated in carrying out dark field examinations. 
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results in trypanosome infections where a small fraction of the curative dose was 
administered repeatedly over a period of time. 

SUMMARY 

S-Amino-.i-hydroxyphenyl arsenious oxide administered by mouth pos- 
sesses curative action against Trypanosome equiperdum infections in mice. 

The addition of 2 moles of glutathione decreased toxicity without affecting 
therapeutic activity, giving a therapeutic ratio that compares favorably with 
intravenous administration. 

Preliminary experiments indicate some therapeutic action in rabbit syphilis 
following oral therapy. 
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The emetic action of the digitalis bodies, as demonstrated by Hatcher and 
Eggleston (1), does not depend upon reflexes originating in the gastro-intestinal 
tract. The conclusion drawn by Eggleston and Hatcher (2) that digitalis pro- 
duces nausea and vomiting as a result of direct action on the medullary vomiting 
center is not supported by the observations of Hatcher and Weiss (3, 4) that direct 
application of digitalis bodies to the center does not induce vomiting. After 
interruption of the afferent nerve pathways which travel from the heart to the 
medulla Hatcher and Weiss (3, 5) failed to obtain the nausea and vomiting re- 
sponse in most of the animals tested. They therefore concluded (3, 5, 6) that 
the emetic action of digitalis bodies is dependent upon reflexes originating as a 
result of direct action of the compounds on the heart. The experiments of 
Hatcher and French (7), in which nicotine abolished the emetic action of stro- 
phanthidin, were presented as evidence that this action has its origin at the 
peripheral ends of cardiac afferent nerve fibers. A cardiac origin of the emetic 
action of digitalis bodies and related compounds seems highly unlikely in view of 
the observations of Dresbach and Waddell (8, 9, 10) which indicate that emesis 
in response to fc-strophanthidin is not abolished by vagotomy, stellate ganglionec- 
tomy, thoracic sympathectomy and spinal cord section at the seventh cer\ical 
level. The recent preliminarj' report by Dresbach (11) has further substanti- 
ated his earlier observations. 

It seemed to us that further study of the problem by means of the denervated 
heart preparation might assist in clarifying the picture. In using this prepara- 
tion one is confronted >\ith the fact that while vagotomy is a certain means of 
abolishing the parasympathetic inner^'ation of the heart the usual methods of 
sympathetic denervation of this organ are less certain. Accordingly the follow- 
ing experiments are designed to test the ability of digitalis bodies and related 
compounds to produce nausea and vomiting in the dog whose heart is almost 
certainly completely denervated as judged by its response to several phj'sio- 
logical tests. 

Method, Normal well-nourished dogs were trained to lie quietly while connected in 
the usual manner to an electrocardiograph and while submitting to venipuncture. At 
intervals of two or three weeks the following operations were performed under aseptic tech- 
nique. Removal (by cautery) of the adrenal medulla on one side; a similar operation on the 
opposite side; removal of the stellate and upper 6 thoracic sympathetic ganglia on one 
side; a similar sympathectomy on the other side; bilateral vagotomy high in the neck. 
Following section of the vagi the animals were taken off food and were given daily intra- 


* Aided by a grant from the John and Mai^' R. Markle Foundation. 
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results in trypanosome infections where a small fraction of the curative dose was 
administered repeatedly over a period of time. 

SITMMAEY 

S-Amino-.^-hydroxyphenyl arsenious oxide administered by mouth pos- 
sesses curative action against Trypanosome equiperdum infections in mice. 

The addition of 2 moles of glutathione decreased toxicity without affecting 
therapeutic activity, giving a therapeutic ratio that compares favorably with 
intravenous administration. 

Preliminary experiments indicate some therapeutic action in rabbit syphih’s 
following oral therapy. 
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The emetic action of the digitalis bodies, as demonstrated by Hatcher and 
Eggleston (1), docs not depend upon reflexes originating in the gastro-intestinal 
tract. The conclusion drawn by Eggleston and Hatcher (2) that digitalis pro- 
duces nausea and vomiting as a result of direct action on the meduUarj' vomiting 
center is not supported by the observations of Hatcher and Weiss (3,4) that direct 
application of digitalis bodies to the center does not induce vomiting. After 
interruption of the afferent nei^'e pathways which travel from the heart to the 
medulla Hatcher and Weiss (3, 5) failed to obtain the nausea and vomiting re- 
sponse in most of the animals tested. They therefore concluded (3, 5, 6) that 
the emetic action of digitalis bodies is dependent upon reflexes originating as a 
result of direct action of the compounds on the heart. The experiments of 
Hatcher and French (7), in which nicotine abolished the emetic action of stro- 
phanthidin, were presented as evidence that this action has its origin at the 
peripheral ends of cardiac afferent nerve fibers. A cardiac origin of the emetic 
action of digitalis bodies and related compounds seems highly unlikely in view of 
the observations of Drcsbach and Waddell (8, 9, 10) which indicate that emesis 
in response to fc-strophanthidin is not abolished by vagotomy, stellate ganglionec- 
tomy, thoracic ^'rapathectomy and spinal cord section at the seventh cervical 
level. The recent preliminarj' report by Dresbach (11) has further substanti- 
ated his earlier observations. 

It seemed to us that further study of the problem by means of the denervated 
heart preparation might assist in clarifying the picture. In using this prepara- 
tion one is confronted wth the fact that while vagotomy is a certain means of 
abolishing the parasympathetic innervation of the heart the usual methods of 
^mpathetic denerv'ation of this organ are less certain. Accordingly the follow- 
ing experiments are designed to test the ability of digitalis bodies and related 
compounds to produce nausea and vomiting in the dog whose heart is almost 
certainly completely denervated as judged by its response to several physio- 
logical tests. 

Method. Normal well-nourished dogs were trained to lie quietly while connected in 
the usual manner to an electrocardiograph and while submitting to venipuncture. At 
intervals of two or three weeks the following operations were performed under aseptic tech- 
nique: Removal (by cautery) of the adrenal medulla on one side; a similar operation on the 
opposite side; removal of the stellate and upper 6 thoracic sympathetic ganglia on one 
side, a similar sympathectomy on the other aide; bilateral vagotomy high m the neck. 
Following section of the vagi the animals nere taken of! food and were given daily intra- 

’ Aided by a grant from the John and Maty R. Markle Foundation. 
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venous injection of 10% glucose in amounts sufficient to keep them in good condition for 
several days. 

In two additional experiments the animals were prepared according to the following 
procedure: Under cyclopropane anesthesia the spinal cord was transected at the sixth cervi- 
cal level and pithed from there caudally through the remainder of its length. The vagi 
were cut high in the neck. Within a half hour after the withdrawal of the anesthetic the 
animals were considered ready for use. 

The four emetic agents employed were Strophosid,’ Cedilanid,* Digilanid,* and Digi- 
glusin.* Each was administered in a dose approximately equal to 1 cat unit per 10 pounds 
of body weight. In all but one experiment the compounds were administered intrave- 
nously. Nausea and vomiting usually follow within 10 minutes after injection of this 
dosage in the normal dog. If emesis failed to occur within 10 or 15 minutes, a second, and 
in some cases a third smaller dose was administered. 

All animals were tested for completeness of the denervation of the heart by following the 
rate electrocardiographically before, during and after the intravenous injection of the 
pressor compound pitressin in a dose of 1 pressor unit, and the depressor compound nitro- 
glycerine (U. S. P. spirits diluted 25 times) in a dose of 1 cc. The ability of these com- 
pounds to produce changes in blood pressure of the unanesthetized, spinal cord-pithed, 
vagotomized animal was determined. 


Results. 1. Dogs whose hearts were denervated by bilateral removal of the 
stellate and upper 6 thoracic sympathetic ganglia and section of both vagi. As 
indicated in table 1, each of the 3 dogs with denervated hearts vomited in re- 
sponse to digitalis bodies or fc-strophanthoside^ administered intravenously. It 
will be noted in experiments 1 and 4 that 2 additional doses of the emetic agent 
were given before emesis occurred. In experiments 3, and 5 to 9 inclusive, 
vomiting in each case followed within 6 to 8 minutes after the intravenous injec- 
tion of 1 cat unit per 10 pounds of body weight. In experiment 10 the injection 
was made subcutaneously and as a result the emesis w'as delayed. 

The results of tests for the completeness of the denervation of the hearts of 
the 3 dogs of this group are given in table 2. It will be noted that neither the 
pressor compound pitressin nor the depressor compound nitroglycerine were 
capable of inducing more than slight changes in the rate of the heart of these 
animals. The ability of these compounds to produce changes in the level of 
blood pressure was studied in the spinal cord-pithed, vagotomized animal 
without anesthesia. One pressor unit of pitressin, intravenously, cause ^ a 
prompt rise of blood pressure to a level 90 mm. of mercuiy above the pre-mjec- 
tion reading. One cc. of the nitroglycerine solution caused a fall of 50 mm. of 

niercury in the same animal. - j j- 

2. Dogs whose spinal cord was sectioned at the sixth cervical level and pithed from 
that point caudally throughout the remainder of its length, and whose vagi were cut 
high in the neck. The results obtained on these animals are included m table 1, 


» Strophosid is a brand of K-Strophanthoside distributed by Sandoz Chemical Works, 

Cedrianid is a brand of Lanatoside C produced by Sandoz Chemical \%rks, New York. 
* Digilanid is a brand of Lanatosides A, B, and C produced by Sandoz Chemical IVorU, 

^'“"Di^glusin is a brand of a mixture of digitalis glucosidcs produced by Eli Lilly and 
Company, Indianapolis, U. S. A. 
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TABLE I 



• ConditioQ of the animal; D.H. refers to the dogs whose hearts have been denervatedby 
section of both vagi high in the neck ond removal of the stellate end upper 6 thoracic sympa- 
thetic ganglia on both sides. S.C. pithed refers to the dogs whose spinal cord was sectioned 
at the sixth cervical level and pithed from there caudally through the remainder of its 
length, and whose vagi were cut high in the neck. 

t See footnotes 2, 3, 4, 5 for description of the compounds used. Dosage is given in 
cat units. 

t Administered subcutaneously. All others were administered intravenously. 
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experiments 11 and 12. It -nill be noted in each case that 1 cat unit of Cedi- 
lanid produced emesis in less than 15 minutes. It must be recognized, of course, 
that contraction of the abdominal muscles is impossible in these animals and 
that other criteria of an emetic action must be looked for. Among the signs of 
an emetic response obsenmd in these animals were profuse salivation, licking of 
the lips, repeated swallowing movements, wide opening of the mouth with 
gasping movements and forceful contractions of the diaphragm. These finding 
were accepted as unmistakable signs of an emetic action. 


TABLE 2 


i 

DOC 

NO. 

coOTinoN or 

ANIitAl* 

COiTPOUKDt 

BErOKE 

mjEW. 

IS SEC, PERIODS AJTES INJECT. 

1 

2 

3 

4 

5 

1 

D.H, 

Nitrogiycerine 

132 

128 

134 

134 

130 

130 

2 

D.H. 

Nitroglycerine 

152 

152 

. 158 

158 

158 

160 

3 

D.H. 

1 

Nitroglycerine 


102 1 

1 


108 


108 

1 

D.H. 

Pitressin 

144 

144 

144 

144 

I 144 j 


2 

D.H. 

Pitressin 

126 

1 128 

124 

124 

m 


3 

D.H. 

j 

Pitressin 

i 

I5S 

' 160 

160 

ISS 



4 

S.C. pithed 

Nitroglycerine 

112 

112 

114 

114 

114 

112 


All of the data are presented as heart beats per minute calculated from the rate during 
15 second intervals before and after injection. 

* D.H. refers to denervated heart. S.C. pithed refers to spinal cord-pithed, vagoto- 
mized dogs. See Table I for body weights of these dogs. 

f Nitroglycerine was given in doses of 1 cc. of 1 to 25 dilution of U. S. P. spirits. Pitres- 
sin was given in doses of 1 pressor unit. 

Discussion. The experiments designed to test for the completeness of the 
denervation of the hearts of dogs 1, 2 and 3 failed to show more than slight 
changes in heart rate in response to either the depressor compound nitroglycerine 
or the pressor compound pitressin. As indicated in the results the doses of 
these compounds were sutficient to produce marked changes in blood pressure 
in the unanesthetized, spinal cord-pithed, vagotomized dog. Therefore it maj 
reasonably be judged that the hearts of dogs 1, 2 and 3 were completed dener- 
%'ated. There can be little doubt about the completeness of the denervation of 
the hearts of the 2 spinal cord-pithed, vagotomized animals. 

In the case of the depressor compound nitroglj’cerine, a slight increase in 
heart rate developed only after an intenml of 15 seconds. This resjmnse is 
readily explained on the basis of humoral mechanisms involving reflexly libera e 
sjunpathm. The early reflex tachycardia which develops in the norma anima 
within a few seconds after the injection of nitroglycerine was entirelj ac 'ing 
in our dogs with denerv'ated hearts. , 

Of interest is the fact that none of the 3 denervated heart dogs dev e ope a 
slowing of the heart in response to pitressin. In another series of expenmra s, 
however, we have observed an occasional inhibition of the denerv ate lea i 










EMETIC ACTION OP DIGITALIS 


367 


response to pitressin, a finding which is of interest in the light of the reports of 
Gruber and Kountz (12, 13) that pitressin inhibits the hearts of vagotomized 
and atropinized animals. These workers attributed the inhibition of the heart 
of such animals to coronary vasoconstricUon and direct cardiac effects of the 
compound. 

In all of the 12 experiments on 3 chronic denerv’ated heart dogs and 2 spinal 
cord-pithed, vagotomized dogs an emetic response to digitalis bodies or related 
compounds was observed. The time interval between injection and response 
in most cases w’as well within the limits commonly accepted for normal dogs. 
These results are in agreement with those of Dresbach and Waddell (8, 9, 10) 
and Dresbach (11) who found that denervation of the hearts of cats and dogs 
does not abolish the emetic action of strophanthidin, ouabain, thevitin, iiC-stro- 
phanthosid and lanatosides A, B and C. To the extent that they eliminate the 
heart as the seat of origin of the emetic response they also are in agreement 
with the findings of Hanzlik and Wood (14) in their study of the mechanism 
and site of origin of digitalis emesis in pigeons. While section of the vagi 
abolished the response in the pigeon, section of only the cardiac branches of 
these nerves failed to do so. The conclusion that in the pigeon non-cardiac vagal 
afferents are essential to the emetic action of digitalis would seem to be justified, 
although it is not supported by the results obtained on cats and dogs as already 
outlined. 

The question of the site of origin of the emesis response to digitalis and related 
compounds is not readily answered. The failure to elicit vomiting in response 
to the local application of digitalis bodies to the floor of the medulla of anes- 
thetized animals (Hatcher and Weiss, 3, 4) obviously does not offer convincing 
evidence against a direct stimulatory influence of these compounds on the vomit- 
ing center. On the other hand the results of the experiments which have 
eliminated the gastro-intestinal tract (Hatcher and Eggleston, 1) and the liver 
(Dresbach, 15) as well as the heart (Dresbach et al,, 8, 9, 10, 11; and those 
presented in this report) do not prove that the emesis response is due to a direct 
central action of the compounds. The evidence presented in the preliminary 
report of Dresbach (11) and that offered in the present paper rule out the possi- 
bility that afferents from most of the other viscera including those of the pelvis 
are essential to the response. The possibility remains however that afferents 
in the phrenic nerves (16) may be concerned. Proof one way or the other on 
this point w'ould have little to offer in establishing the site of the emetic action 
of the digitalis bodies as being central or peripheral. The question can be 
settled only by experiments designed to remove the raedullarj' vomiting center 
from all afferent nerve connections and to permit observations to be made without 
anesthesia and while the animal is in good general condition. It would seem 
that the problem not bo solved readily because of the difficulty of satisfying 
such requirements. 

It is clear that the results of the experiments on the chronically denen’ated 
heart dogs prove that the emetic action of the digitalis bodies and related com- 
pounds used in these experiments docs not depend on afferent nerv’C fibers from 
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experiments 11 and 12. It will be noted in each case that 1 cat unit of Cedi- 
lanid produced emesis in less than 15 minutes. It must be recognized, of course, 
that contraction of the abdominal muscles is impossible in these animals and 
that other criteria of an emetic action must be looked for. Among the sips of 
an emetic response observed in these animals were profuse salivation, licking of 
the lips, repeated swalloTOng movements, mde opening of the mouth with 
gasping movements and forceful contractions of the diaphragm. These findings 
were accepted as unmistakable signs of an emetic action. 


TABLE 2 


©OG 

NO. 

CONDITION OT 
ANIUAi* 

COJ£POONl>t 

BETOKE 

INJECT. 

15 SEC. TEMODS «TEt rSJECI. 

1 

2 

3 

4 


1 

D.H. 

Nitroglycerine 

132 

128 

134 

134 

130 

130 

2 

D.H. 

Nitroglycerine 

152 

152 

. 158 

158 

158 

160 

3 

D.H. 

Nitroglycerine 

102 

102 

106 

108 

110 

108 

1 

D.H. 

Pitressin 

144 

144 

144 

144 

144 


2 

D.H. 

Pitressin 

126 

128 

124 

124 

124 


3 

D.H. 

Pitressin 

158 

160 

160 

158 

160 


4 

S.C. pithed 

Nitroglycerine 

112 

112 

114 

114 

114 

112 


All o! the data are presented as heart beats per minute calculated from the rate dunng 
IS second intervals before and after injection. 

* D.H. refers to denervated heart. S.C. pithed refers to spinal cord-pithed, vagoto- 
mized dogs. See Table I for body weights of these dogs. 

f Nitroglycerine was given in doses of 1 cc. of 1 to 25 dilution of U. S. P. spirits. Pitrcs- 
sin was given in doses of 1 pressor unit. 


Discussion. The experiments designed to test for the completeness of the 
denervation of the hearts of dogs 1, 2 and 3 failed to show more than slight 
changes in heart rate in response to either the depressor compound nitrogb'cenne 
or the pressor compound pitressin. As indicated in the results the doses of 
these compounds were sufficient to produce marked changes in blood pressure 
in the unanesthetized, spinal cord-pithed, vagotomized dog. Therefore it nia> 
reasonably be judged that the hearts of dogs 1, 2 and 3 were completely denei- 
vated. There can be little doubt about the completeness of the denervation o 
the hearts of the 2 spinal cord-pithed, vagotomized animals. 

In the case of the depressor compound nitroglycerine, a slight increase in 
heart rate developed only after an interval of 15 seconds. This res^nse is 
readily explained on the basis of humoral mechanisms involving reflexly libera e 
sympathin. The early reflex tachycardia which develops in the normal aniM 
within a few' seconds after the injection of nitroglycerine was entirely lao 'ing 


in our dogs with denenmted hearts. , 

Of interest is the fact that none of the 3 denervated heart dogs deve ope 
slowing of the heart in response to pitressin. In another series of e.xpenmen 
however, we have observed an occasional inhibition of the denervated bear i 
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In 1938 Meidinger (1) found that addition of benzedrine to isolated nerves 
immersed in pbysiolopc solution caused an enormous increase in the rheobase 
without change in chronaxie. Since the action of benzedrine is not limited 
to the nervous system, the present investigation was undertaken to determine 
its effect on cardiac and skeletal muscle as well as isolated nerves. 

Methods. The estimations were made with a chronaximeter with condenser discharges 
according to the principle of Lapicque (1026). The nerve-muscle (sciatic-gastrocnemius) 
preparation placed in a moist chamber made of solid paraffin. This was divided into 
two sections, one of which contained the muscle moistened with cotton soaked in Ringer's 
solution, and the other the nerve. The two compartments were connected by a groove 
which permitted passage of the nerve. Aaeal was effected with neutral petrolatum. The 
nerve was held on two non*polari*sble Ag-AgCl electrodes 20 mm. apart. Tests were 
made by placing the physiologic solution containing bentedrine in the serve compartment 
and allowing the Quid to remain for a specified period. The fluid then was aspirated, the 
compartment carefully dried, and the nerve again held on the electrodes. A two^minuto 
interval was allowed to elapse before measurements were made. The test applied was 
minima! contraction of tho gastrocnemius muscle, which can be estimated perfectly with 
adequate illumination of the muscle surface. Measurements were made in the follondog 
order: 1. Rheobase. 8. Chronaxie. S. Rheobase control. 4- Estimation of voltage 
quotient Q according to the technic described by Gffnther (2) The rheobase condenser 
(10 microfarads) discharges through the shunt formed by a resistance of 4000 ohms and two 
continuous parallel resistances of 10,000 and 11,000 ohms; the object is in series with the 
latter. To obtain an exponential increase in the stimulating current, a 2-microfarad con- 
denser is placed parallel to the last two resistances. The numerator (Ec) corresponds to 
the threshold with current of the exponential elevation, and the denominator (Er) is the 
value of the rheobase. The quotient Q is an index of the speed udtb which "accommoda- 
tion” takes place. The average normal values found for Q with this procedure were 2.7 
for the sciatic nerve and 1 W for the frog heart. 

To study the e.xcitability of the isolated gastrocnemius, the femur was clamped securely 
and the distal end of the muscle was connected with an isometric lever arranged to record 
its contractions on the smoked paper of a kymograph. The electrodes were two Ag-AgCl 
wnres, 0.5 mm. in diameter, attached to the ends of the muscle. To study the action of 
benzedrine the muscle was immersed in a solution of this substance. The course of a com- 
plete estimation with a record of the contractions is given in Fig. 1 (Rheobase), Fig. 2 
(chronaxie), and Fig. 3 (voltage quotient). Estimations also were made of the excitability 
of the heart, arrested by a Stannius ligature and subjected to unipolar stimulation accord- 
ing to the technic of Cicardo and Marenzi (3). Two electrodes were used, one a silver plate 
placed in the animal’s mouth, the other an Ag-AgCl wire fastened at the apex of the 
heart. 

Results. A. Neuromuscular excitability of frogs poisoned by benzedrine 
sulfate. The injection of IfiCKCOO mgm. per kgm. of benzedrine sulfate into the 
360 
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ventral lymph sac of the frog caused progressive abolition of reflexes. An hour 
later the animal was decapitated (except the frog in Experiment 2, table 1, 
which was injected -with 600 mgm. per kgm. and died in less than an hour), 
and sciatic-gastrocnemius preparations were made. The results are shown in 
table 1. 

It is interesting to note that the rheobase was unchanged. The chronaxie, 
however, was greatly increased except in Experiments 5 and 6, where these 
values were normal. The voltage quotient fell sharply except in Experiments 
3 and 6. The increase in the chronaxie apparently corresponds to a decrease in 

a b c d e f 



Fig. 1. Estimation of the Rheobase op the Gasthocneuihs in a Fbog Poisoned for 
One Hour with 1 % Benzedrine. 

Voltage: a) 5.1; b) 6.4; c) 5.7; d) 5.85; e) 5.9; f) 6,0 = rheobase. 

a be defg bijk 



Fig. 2. Estimation of the Chronaxie in the Same Muscle. 

hCcrofarads: a) 0.100; b) 0.110; c) 0.120; d) 0.130; e) 0.120; f) 0.122; g) 0.124; h) 0.121; 
i) 0.125; j) 0.126; k) 0.127j= chronaxial capacitance. 


abed efghi^ 



Fig. 3. Control op the Rheobase Vr and Estimation of the Threshold wits 
Exponential Current Vc. 

a) 5.85; b) 5.90; c) 6.00; d) 6.10 = Vr; e) 12.0; f) 11.1; g) 11.4; h) 11.2; i) 11 . 25 “Vc; 
i) 11.1 = control. 

excitability. To this we must add a diminution in the rate of nerve accommoda- 
tion in the poisoned animal as deduced from the reduction of Q. 

B. Action of benzedrine sulfate on the isolated nerve. When the nerve was 
immersed several times in a 0.5% solution of benzedrine, there was a progressive 
increase in the rheobase up to the point of inexcitability in the course of one or 
two hours. The chronaxie decreased slightly, while the quotient Q increase 
progressive^. This indicates an increase in the rate of nenmus accommodation. 

In table 2 are summarized all the results obtained with different concentrations 
of benzedrine. The rheobase of the nerves immersed in Ringer’s solution for 
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half an hour increased 50%, but when the nerves were placed in a solution of 
0.6% benzedrine there was an increase of 200-300%. The chronaxie of the 
nerves decreased slightly or remained unchanged, whether in Ringer’s solution 
or benzedrine. In either case the quotient Q showed no deviation from its 
typical form. In Experiments 8, 9, and 10 the animals previously had been 
poisoned by benzedrine for 00 to 90 minutes, after which the nerves were placed 
in a solution of 0.5% or 1.0% benzedrine. In this case also there was an increase 
in the rheobase (60-180%) and a relatively slight decrease in the chronaxie, 
while the voltage quotient Q was unchanged. To summarize, it may be said that 
a nerv’e immersed in benzedrine solution shows a great increase in the rheobase 

TABLE 1 


Nerve-muscle (seialie-gaslroenemius) cxcitalnlili/ of frogs poisoned with benzedrine sulfate 
and killed one hour after injection in the central lymph sac 


EXFttlUENT 

KCUBXX 

XSMZZSItSE ^ 

KEtHOWSCUl-AX 

rUFABATlOn 

SnXOBASS 

CHBONAXIZ 

Q - Ve/Vr 


1 (mtn ptr ) 



Oiftai) 


1 

300 

right 

240 

1.88 

1.75 



left 

190 

1.&4 

1.42 














250 1 

right ' 






left 



hqH 

4 

250 

right 

225 

0.48 

1.78 



left 

210 

0.48 

1 

1.75 

S 

300 

right 

240 

0.34 

1.78 

6 

150 

right 

150 

0.30 

2.65 



left 

220 

0.33 

2.13 

7 

Control 

right 

220 

0.30 

2.0 



left 

330 

0.27 

2.7 


with maintenance of the chronaxia! values, which is in agreement with the results 
obtained by Meidinger (1). In animals previously poisoned by benzedrine the 
increase in the rheobase was less marked. 

C. Action of benzedrine on the isolated gastrocnemius muscle. In order to study 
the effect of this substance, not only on the isolated nerve but also on the entire 
neuromuscular system, the muscle was immersed in a physiologic solution 
containing a certain concentration of benzedrine. The results are summarized 
in table 3. The controls in Ringer’s solution showed an increase of 40-70% 
in the rheobase and 10-90% in the chronaxie, while Q decreased in every case. 
With benzedrine there was always an enormous increase in the rheobase. The 
remarkably long chronaxie is attributable in part to the great degree of separa- 
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tion of the stimulating electrodes. Another factor is that the values obtained 
by this test do not represent excitation of the more sensitive fibers, but correspond 
with the average of a certain number of fibers capable of developing the tension 


PROTOCOL 4-2J^2 

Uighl neurommcular (scialic-gastrocnemius) preparation from a frog decapitated at S:60 p.m. 
Nerve and muscle in moist chamber. Bipolar stimulation of nerve 


! 

TIME ' 

] 

j 

SHEOBASE ' 

1 

! 

CABACITV 

1 

CBBOMAXIE 

Vc/Vt 

Q « Vc/Vr 

NERVE IM- 
MERSED IN 0.5 
BE* CENT BE.N- 
ZEDRIKE SOW- 
TION 


mUliwlts { 

microfarads \ 

2t{mos 

mUlitoUs 


tntnuies 

3:35 

3:42 

120 * 

0.088 

0.342 

285/140 

2.03 

30 

4:25 j 

4:26 

250 

0.087 

0.348 

780/285 

2.74 

30 

5:08 

5:10 

570 

0.066 

0.264 

2400/750 

3.20 

40 

6:00 

Inexoitable 






TABLE 2 

Action of benzedrine on the excitability of nerve-muscle preparation in the frog 


EXPERI- 

MENT 

DURATION 
OP SUD- 

SOLUTION 

RHEOBASe 

(MILLIVOLTS) 

CHRONAXIE 

(SIOMAS) 

0 - 

Vc/Vr 

REMARKS 


OE NERVE 





After 




1 

mitfulcs 

90 

Ringer 

180 

300 

0.38 

0.31 

1.67 

1.70 


2 

30 

Ringor 

220 

340 

0.30 

0.27 

2.0 

2.7 


3 

30 

Ringer 

300 

420 

■tHig 


1.9 

1.7 


4 

15 

Benz. 0.5% 

105 

300 

0.30 

0.27 

2.72 

2.4 


5 

30 

Benz. 0.5% 

120 

250 

0.34 

0.34 

2.03 

2.74 


6 

30 

Benz. 0.1% 

150 

255 

0.30 

0.30 

2.84 

2.30 


7 

30 

Benz. 0.5% 

ICO 

465 

0.36 

0.30 

2.1 

2.1 

Frog poisoned by 

8 

30 

Benz. 0.5% 

150 

420 

0.33 

0.26 

2.9 

2.93 

9 

15 

Benz. 1.0% 

240 

390 

0.36 


1.95 

2.2 


10 

15 

Benz. 1.0% 

250 

480 

0.29 

0.28 

2.12 

2.05 








from above irog 


previously fixed as the threshold. More dilute solutions of benzedrine (0.1 an 
0.5%) caused, except in Experiment 4, a 50% decrease in the chronaxie. n 
1% solution benzedrine also caused a diminution in the chronaxie. A dip asic 
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action was apparent, how’ever, for prolonged immersion in benzedrine resulted 
in a considerable increase in the chronaxie (see particularly Experiments 8 and 
10). With dilute solutions of benzedrine the quotient Q increased, while with 
more concentrated solutions Q varied simultaneously but inversely with the 
chronaxie. Boyd (4) reported that benzedrine decreased the intensity of con- 

TABLE 3 


Action of benzedrine eulfate on exeitabUily of the gaslrocnemiue muscle of the frog 
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1 

1.4 

2.35 

0.2S 

0.53 

2.3 

1.8 

Ringer 

30 

2 

3.3 

5.7 

0.48 

0.56 

1.94 

1.70 

Ringer 

60 

3 

2.4 

3.45 

0.30 

0.33 

2.16 

2.0 

Ringer 

60 

4 

1.95 

5.45 

1.0 

3.2 

1.70 

1.86 

Benz. 0.1% 

60 

5 

2.4 

4.G 

0.72 

0-37 

1.16 

1.26 

Benz. 0.1% 

60 

6 

1.8 

5.1 

0.98 

0.61 

1.21 

2.16 

Benz. 0.5% 

60 

7 

2.4 

6.6 

0.90 

0.43 

1.10 

1.20 

Benz. 0.6% 

60 

8 

2.55 

5.7 

0.92 

0.61 

1.28 

1.70 

Benz. 1.0% 

15 



9.0 


1.32 


1.45 


15 

9 

1.8 

6.0 

0.30 

0.50 

2.67 

1.85 

Benz. 1.0% 

60 

10 

2.2 

6.9 

0.4S 

0 40 

1.50 

1.56 

Benz. 1.0% 

30 



15.0 


3.60 


1.25 


60 

li 

2.6 

4.3 

0.52 

o.m 

1.9 

1.83 

Benz. 1.0% 

30 

12 

2.8 

6.75 

0.39 

2.76 

2.1 

2.0 

Benz. 1.0% 

60 


TABLE 4 

Etcilability of frog heart 
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1.03 

38 

4 
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1.05 
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3.2S 

1.64 

1 Control 

6 


5 2 

3.76 

1.04 

I Control 


tractions of the gastrocnemius muscle stimulated by galvanic current. This 
is in agreement with the reduction in excitability described above. 

D. Action of benzedrine on the cxcitahility of the heart. Experiments were 
performed on animals poisoned by the injection of benzedrine in the ventral 
Ij’mph sac prior to the tests. In tabic 4 it can be seen that the rheobase in- 
creased, the chronaxie was doubled, and the accommodation was unchanged 
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(constant value of Q). This indicates that benzedrine induces a state of hypo- 
excitability of the cardiac muscle in the frog. 

CONCiUSrONS 

1. Injection of benzedrine sulfate (150-600 mgm. per kgm.) in the ventral 
lymph sac of the frog causes, after one hour, a great increase in the chronaxie of 
the sciatic-gastrocnemius preparation and a reduction in the rate of nervous 
accommodation. 

2. If the nerve is immersed in a physiologic solution of benzedrine (0.1- 
0.5-1 .0%) there is a progressive increase in the galvanic threshold (rheobase) 
to the point of inexcitability of the preparation, %yith maintenance of the chro- 
naxie, which is in agreement with the observations of Meidinger. 

3. Under the action of benzedrine sulfate the gastrocnemius muscle shows a 
considerable increase in the rheobase; at the same time the chronaxie decreases 
by half when a dilute solution is used. With a more concentrated solution a 
twofold effect is observed, first a reduction in the chronaxie and later an increase. 
The voltage quotient varies inversely with the chronaxie. 

4. In frogs poisoned by benzedrine the heart shows an increase in the rheobase 
as well as in the chronaxie, wth no change in the rate of accommodation of the 
cardiac muscle. 

5. In every instance benzedrine sulfate causes a decrease in excitability 
through an exaggerated increase in the rheobase or the chronaxie, an effect 
which may be preceded by a brief period of increased excitability. 

The author wishes to thank Dr. H. Kallas, Director of the Institute of Physi- 
ologj' at the University of Concepcidn, for his interest in this work and for his 
valuable criticism. 
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Considerable disagreement exists concerning the toxic dose of benzedrine in 
animab. This is particularly evident with respect to subcutaneous injection 
in white mice. According to Marri and Franceschini (1) the LDjo is 280 rngm. 
per kgm,, according to Chakravarti (2) it is 155 mgm. per kgm., and according 
to Halpem (3) it is 25 mgm. per kgm. The subcutaneous lethal dose for white 
mice seemed therefore to warrant further investigation. Inasmuch as the liter- 
ature contains no data on the lethal dose in frogs, this was also included. 

Results. Mice. To.xicity in relation to the time elapsing between the in- 
jection of benzedrine and the death of the animal was first determined. As is 
apparent from table 1, the latent period increased in inverse ratio to the dose 
injected. The smallest dose given in this series was 206 mgm. per kgm., which 
was not lethal. 

In a second series of experiments the LDm in white mice was determined. 
Doses of benzedrine ranging from 250 to 300 mgm. per kgm. were injected. 
Sbe female mice were used for each dose. In table 2 the animals which died are 
marked >rith a f. Young animals showed no greater resistance than older ones. 
The LDfio for white mice was 270 mgm. per kgm., as deduced from the mortality 
calculated according to Behrens, quoted by Bum (4). The ratio LDioo/LDo 
gives a quotient of I.IC which, according to Bum, would indicate great accuracy 
of the method used. 

Frogs. Benzedrine in Ringer's solution was injected into the ventral lymph 
sac of the Chilean frog {Calypiocephaltis Gayi). It is noteworthy that, whereas 
in white mice benzedrine poisoning regularly produced signs of hyperexcitability 
of the nervous system (agitation, tremor, clonus, motor incoordination), the 
frogs reacted at once >vith marked diminution of excitability. This also w’as 
observed by Meidinger (5) wth doses above 750 mgm. per kgm. Boj’d (6), 
morco^'er, found that benzedrine increased reflex time of decerebrate frogs by 
as much as 172%. The various reflexes were alwaj's abolished in a certain 
definite sequence, first the postural reflexes, then the corneal reflex and the reflex 
of the anterior extremities. 

To estimate the LDeo in the frog, three atumals were injected ^\ith doses 
ranging from 250 to 300 mgm. per kgm. It was often difficult to determine the 
exact time of the animal’s death since the reflexes decreased verj' gradually to 
the point of disappearance. In some instances the reflexes had almost entirely 
disappeared, yet the animal was still able to make slow voluntary' movements 
for as much as four days after the injection. The LDso was found to be 280 
mgm. per kgm., and the ratio LDioo/LDo tras 1.2. 
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TABLE 1 

Suhculaneous injeclion of hemedrine sulfate, 1% in distilled water, male while mice 
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TABLE 2 


Subcutaneous injection of benzedrine sulfate, 1% in distilled water, in female white mice 
Twenty-four-hour observation period 
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TABLE 3 

Injection of benzedrine sulfate, 1% in Ringer's solution, in the ventral lymph sac of the frog 
Twenty-four-hour observation period 
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SUUUARY 

(1) In white mice benzedrine poisoning produced signs of nervous hyperex- 
citability, while in frogs there was immediate diminution and eventual disap- 
pearance of all reflexes in a certain definite sequence. 

(2) The LDso of benzedrine sulfate in white mice was 270 mgra. per kgm. by 
subcutaneous injection. Injected into the ventral lymph sac of frogs, it was 
280 mgm. per kgm. 
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Considerable controversy exists in the literature in regard to the effect of 
epinephrine on the coronary blood flow. Barbour and Prince (2) and Eliot (3) 
found that epinephrine increased the mean inflow in saline-perfused, beating 
hearts of rabbits and cats. Anrep and Stacey (4), Markwalder and Starling (5) 
and Stoland and Ginsberg (6) also reported that it increased the mean coronary 
sinus outflow in anesthetized dogs and in heart-lung preparations. However, 
Barbour and Prince (2) and Kountz (7) found that it decreased the mean inflow 
in saline-perfused monkey and human hearts, and Drury and Sumbal (8) that it 
decreased the coronary sinus outflow from saline-perfused tortoise hearts. 
Brodie and Cullis (9) observed that, in saline-perfused rabbit hearts, epinephrine 
in small doses decreased, but in large doses increased the mean inflow and mean 
coronary sinus outflow. They found, however, that with the larger doses the 
increased flow was usually preceded by an interval of decreased flow which 
either preceded or coincided rvith the increased vigor of contraction of the 
ventricle. On the other hand, Gruber and Roberts (10) found that in beating 
cat, rabbit and rat hearts, perfused with mixture of saline and blood, the mean 
coronary sinus outflow increased with small doses but frequently decreased with 
larger doses of epinephrine, especially when the pure alkaloid was used. Essex 
W4gria, Herrick and Mann (11) found that the mean inflow' recorded with the 
thermostromuhr was increased one and one-half to four times in the unanestheti- 
zed dog. Wegria, Essex, Herrick and Mann (12) reported that in the anes- 
thetized dog the flow appeared to be increased relatively more than the mean 
pressure. Epinephrine has usually been found to decrease the rate of flow in 
hearts which had ceased to beat spontaneously during the course of an experi- 
ment (2, 10, 13), in hearts stopped by perfusion with unoxygenated sodium 
chloride solution (14), and in human hearts stopped by alkaline solution (15). 
However, the flow was increased by epinephrine in hearts stopped by removal 
of calcium or by perfusion of acid solution (7), (15), after administration of 
ergotoxin (13), in quiescent ventricular strips (3) and usually in fibrillating 
cat, rabbit and especially dog hearts (16, 17, 18). In instantaneous flow records 
obtained "with the hot "wire meter on perfused cat, rabbit and dog hearts and on 
heart-lung preparations Rossler and Pascual (17) and Hauslcr (19) found that 

• A preliminary report of this work was presented at the meeting of the American Physi- 
ological Society, 1939 (1). v » • 

» Supported by a grant from the Council on Pharmacy and Chemistry of the American 

Medical Association. 
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epineprhine decreased systolic inflow, and sometimes caused systolic backflow. 
However, it increased the diastolic inflow later, but to a less marked extentthan 
the nitrites. In records taken ■mth the phototachometer Idicsecki and Flek 
(20) observed that epinephrine increased the diastolic flow apparently less than 
would be expected from the rise of aortic pressure. 

All observ’ations agreed that pitressin decreased the mean and the diastolic 
inflow in saline-and in blood-perfused beating rabbit, dog, human, cat and rat 
hearts (7, 13, 15, 19, 21, 22, 23, 24) and that it decreased the mean coronary 
sinus outflow in anesthetized dogs, heart-lung preparations and saline perfused 
rabbit hearts (3, 25, 26, 27, 28, 29). Pitressin decreased the mean inflow in 
saline-perfused quiescent and fibrillating hearts of sheep, dogs, cats and rabbits 
(13, 18, 22, 30), although an increased inflow in the perfused beating cat heart 
was reported (23). Essex, W^igria, Herrick, and Mann (11, 12) reported that 
the mean coronary arteiy inflow, measured by the thermostromuhr in both 
anesthetized and unanesthetized dogs, was reduced despite increased blood 
pressure. 

The divergence of results following administration of epinephrine appears to 
be due in part to use of inaccurate recording devices, to failure of mean flow 
methods to differentiate dynamic extmvascular effects from direct effects upon 
the vessels, to the fact that almost all of the flow measurements have been made 
on perfused hearts or heart-lung preparations under somewhat abnormal dy- 
namic, chemical or ner\'ous conditions, and perhaps in part to the hydrogen ion 
concentration of the drug solutions, and to the effect of the preservatives added 
to the commercial products. As a result, it is not possible to state definitely 
what are the effects of epineprhine upon the coronary circulation in the whole 
animal. 

The development of a flow meter by Gregg and Green (31) by means of which 
the phasic coronary flow may be recorded continuously along wth optical records 
of the pressure pulses has made possible the detailed analysis of the effects of 
epineprhine on the coronarj' circulation in the whole animal. These data are 
presented in this paper. The observations in the literature regarding the effects 
of pitressin are less controversial. Data on the effects of this drug on the coro- 
nary circulation as measured wth the orifice meter arc also presented. 

Methods. Twenty dogs averaging 15 Kg. were anesthetized with initial injections of 
morphine (40 mg.) subcutaneously and cither sodium barbital (175 to 225 rag. per kg.) or 
chloralosane (55 to 65 mg. per kg ) intravenously. The chest was opened, usually by resec- 
tion of the anterior part of the fourth and fifth left ribs, and the heart suspended in a peri- 
cardial cradle. The animal’s blood was prevented from clotting by an initial intravenous 
injection of 0.07 to 0.1 cc. of heparin* plus 120 to 160 mg Calcomine fast pink* per kilogram. 

In all experiments inflow was measured in the descending limb of the left coronary artery 
(see figure 1) by leading the blood from the aorta (A) through the orifice meter (0) into the 
coronary artery (C), thus metering the flow while the coronary artery was supplied by a 
pulsatile stream from the animal’s own aorta. In some additional experiments the coro- 
nary artery was perfused with blood under a known constant head of pressure from a reser- 
voir connected to S*. 


• Liquaemine — courtesy of the Koche-Organon Co. 

* Courtesv the Calco Chemipnl Co. 
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The blood was obtained from the aorta by a large cannula inserted into the ascending 
aorta by way of the carotid artery. The blood entered the coronary arteiy either by way 
of a cannula inserted into a side branch, the main ramus being clamped prox-imally during 
flow measurements, or by way of a cannula inserted in the main ramus as shown in figure 1. 

The orifice meter (31) (see figure 1) consists of two tubes of about,2.4 mm. bore separated 
by a thin metal plate (0) which had an orifice about 1 mm. in diameter. An optically re- 
cording differential manometer {DM) w-as connected to these tubes so os to record the dif- 
ference between the lateral pressure proximal to and that just distal to the orifice. In the 
absence of fiorv, the upstream and downstream pressures are the same. lYhen flow occurs 
the down stream pressure is lowered with respect to the upstream pressure by a small 
amount which varies roughly with the square of the rate of flow and which causes a cor- 
responding deflection of the recording beam of the differential manometer. The meter was 
calibrated frequently during an experiment by turning the stopcocks jS‘ and 5* so as to shunt 
the coronary flow through the tube SH and then running blood at known rates of flow 
through the meter by way of stopcocks S* and S* while recording the deflections of the 
light beam. 

In interpreting the flow records obtained during an e.xperiment the rate of flow (in cc. per 



Fio. 1. Diagram of the connections of the optically recording orifice meter and pressure 
manometer. H — heart; C — ramus descendens of the left coronary artery; A— aorta; 
Si.j.s.4 — stopcocks for controlling the direction of blood flow during recording of the coro- 
nary flow and during calibration; SlI — shunt for coronary flow during calibration of the 
meter; 0 — orifice; DM — differential manometer; M — pressure manometer. Arrows indi- 
cate paths of the light beams used in optical registration. 


min.) at any instant was determined by comparing the deflection at that instant with the 
deflections obtained during the above-mentioned calibrations, which are indicated on t ic 
figures by the scale at the left of the flow curves. The total flow in cc. over any intc^a 
of time (say a single sj'stole) was ascertained by integration after redrawing the rccor e 
flow curves with a linear ordinate scale (sec reference (33)). In the curves illustrate m 
the figures, the flow in cc. for systole was multiplied by the heart rate to give t e sjs o ic 
flow in cc. per minute (S). The same computation was made for the diastolic flow ( }. 

The sum of these is the total or mean flow in cc. per minute (7'). f j , 

The pulsatile or constant pressure at which the coronary vessels iverc per use was 
optically recorded by a rubber or a glass (34) membrane manometer of adequate 
(jlf — figure 1). In some experiments an optical myograph (35) recordc t c amp i u o 
the systolic shortening in the ventricular area, the coronary flow of nine 

ured. All manometers were mounted on a rigid optical manometer Stan ( 


Eescdts. Tlie characteristics of the normal coronary inflow maj conven 
iently be pointed out in the lowest curve (F) in the first segment o igure . 
At the end of diastole (A) the rate of flow was rapid, 9.5 cc. per minute, bu 
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the onset of isometric contraction (-4) the flow diminished abruptly due to the 
extravascular compressing effect of the contracting cardiac muscle. The rate 
of flow increased during the rise of aortic pressure accompan 3 'ing ventricular 
ejection, decreased slightly in the latter half of sj-stole (to 1.6 cc. per min, at B), 
increased rapidly during the isometric relaxation of the ventricle beginning 
shortly after B, and declined gradually during the latter part of diastole as 
aortic pressure fell. 

PiTRESSiN'. The effects of 0.1 to 2.0 units of pitressin were studied following 
13 injections in 9 dogs. The results were essentially the same in alt tests. The 
tj'pical effects of an intracoronarj’ injection of 1 unit of pitressin are illustrated 
in figure 2. Within 27 seconds after the injection the flow at the end of diastole 
(-4) was reduced to 2.8 cc. per minute, and at the end of sj'stole {B) to 0.35 cc. 
per minute, despite a slight elevation of the corresponding aortic pressures. The 
total sj’stolic flow was similarly reduced from 1.9 to 0.3 cc. per minute and the 
total diastolic flow from 4.2 to 1.5 cc. per minute, thus accounting for the re- 
duction of the mean flow to 30% of the control (from 6.1 to 1.8 cc. per minute). 
After 1 min. 43 sec., the flow was still reduced. 

In the first two segments of figure 2 shortening of the muscle, indicated by 
upward deflection of the myogram (jl/), began with ejection. One minute and 
43 seconds after the injection of pitressin, however, the muscle lengthened 
abrupt^' nith the onset of isometric contraction (A) and began to shorten only 
as intraventricular pressure fell at the onset of diastole (B). In other words, 
instead of shortening during sj'stole, the perfused area was being stretched by ■ 
the force of the rising intraventricular pressure. At this time the heart rate 
and blood pressure had decreased slightlj'. In the last segment of figure 2, 
taken nine minutes and 30 seconds after the pitressin injection, the blood pres- 
sure, heart rate, coronary flow and mj'ogram had returned appro.ximateh' to 
control levels. 

Episephrin'e. Epinephrine was studied bj" 26 intracoronaiy and 3 intraven- 
ous injections (figs. 4-7) of commercial preparations — 1:1,000 solution contain- 
ing chloretone — ^in 14 dogs and bj' 7 intracoronaiy injection of the alkaloid,^ 
dissolved in N /lO HCl in physiological saline in 4 dogs. All intracoronaiy in- 
jections consisted of the drug dissolved in a minimum quantity of Mlyent (0.1 
to 0.01 cc.) diluted in 2 cc. of blood. This was done in order to eliminate the 
temporary augmentation of coronai^' flow due to the lowering of viscosit> cause 
by injections of larger quantities of saline (36). Eight control injections in 
5 dogs of 2 cc. of blood containing a similar quantitj’ of saline had no effect upon 
coronary flow. . 

In all cases, injection of epinephrine caused a typical scries of changes sue i 
as are illustrated in the cun'es reproduced in fig. 4. To facilitate analysis, t ic 
flow and pressure cur\'es have been traced and the flow curves redraym wt i a 
linear ordinate scale. One hundred ;igm.s. of epineprhine were injectw in 
travenously at the arrow T . Coincident with the rise of aortic pre-ssiire 
and third segments — the mean coronaiy flow (T) increased from 17.2 to 

* Courtesy of Parke, Davis and Co. 
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cc./min. The mcreased mean flow was due to the augmentation of diastolic 
flow (D) from 11.6 to 27.0 cc./min,, due principally to the greater inflow in 
middle and late diastole. The sj'stoUc inflow (5) was reduced from 5.6 to 4.4 
cc./min. due to the shortening of the systole cycle ratio, to the appearance of 
backflow during isometric contraction, and to the persistence of a low inflow 
rate during the ejection phase of systole — despite the elevation of aortic sj'stolic 
pressure. The backflow during isometric contraction was to some extent com- 
pensated by an accelerated inflow during the isometric relaxation phase of 
diastole (just followang (B)), 

A. Comparison of the mean rate of inflow with (he mean aortic pressure. In 
order to estimate whether the increase of coronary flow was greater or less than 
that anticipated from the rise of aortic pressure, i.e., whether coronaij' constric- 
tion or dilation occurred, we have compared the increase of coronarj' flow in- 
duced by raising the aortic pressure by compression of the thoracic aorta (Fig. 5) 
with that occurring during the rise induced by the drug (Figs. 4 and 6). Com- 
parison of the mean flow (T) with the mean aortic pressure — average of systolic 
and diastolic values — indicates that the ratio of flow to pressure increased slightly 
from 0.183 to around 0.23 — during the effect of the epinephrine. When a 
similar dose of epinephrine was injected into the coronary' artery (Fig. 5 — solid 
lines), the mean flow increased considerably more than the correspondmg mean 
aortic pressure so that the flow to pressure ratio changed from 0.189 to 0.288. 
On the other hand, when the aortic pressure was elevated by occlusion of the 
thoracic aorta (Fig, 6 — solid line), the mean coronarj' flow increased, but the 
increase was relatively less than that of the mean aortic pressure, the ratio of 
flow and pressure dropping from 0.202 in the control to 0.180 during compression 
of the aorta. 

B. Coronary flow at the end of diastole (diastolic conductance — D.C.), Com- 
parisons of the mean flow' with the mean aortic pressure suggest that epineph- 
rine may have a coronary dilator action as reported by W^gria, Essex, Herrick 
and Mann (12). The increase in mean flow might, however, be due to changing 
mechanical factors such as changing S/C ratio which, as may be seen from 
columns S/C and E/C of table 1, foHow' epineprhine injections. In order to 
determine what part of the response was due to a coronary dilation we have 
calculated the ratio of the instantaneous rate of flow' at the end of diastole to the 
simultaneously existing aortic pressure. This ratio will be called the diastolic 
conductance. This instant in the heart cj’cle was chosen since it is least compli- 
cated by extraneous factors such as the extrava-scular compression and refilling 
of the vessels present during systole and the first half of diastole respectively 
(37). A tabulation of this data for a few typical experiments is presented in 
column DC of tables 1 and 2. 

Such comparison for the records presented in figures 4-6 (GTTM — 5, 3 and 7) 
shows that w’ith the intravenous epinepThme (fig. 4) the diastolic conductance 
increased from a control value of 0.30 to 0.32 at 33 sec,, to 0.34 at 55 sec., and 
returned to 0.30 at 1 min. 32 sec. After the intracoronary injection the diastolic 
conductance mcreased from a control value of 0.22 to 0,46 at the peak of the 
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effect. On the other hand, the diastolic conductance was essentially unchanged 
by elevation of aortic pressure produced by compression of the aorta. 

The maximum increase in diastolic flow always occurred during the maximum 
of aortic diastolic pressure. However, the flow did not always return as rapidly 
to control levels as the pressure, with the result that diastolic conductance was 
often greater during the period of declining pressure than during the interval 
of maximum aortic pressure. 

C. The systolic coronary fow. Tn addition to the effect on diastolic flow in- 
duced by epinephrine, one of the most marked phenomena was the augmentation 
of the reduction of inflow and the appearance of or increase in the backflow 
during the interval of isometric contraction beginning at X or in the illustra- 
tions. The minimum inflow during the period (or the maximum backflow) 
tabulated in column MSF in table 1 indicates the magnitude of the effect. The 
inflow was also often decreased by the epineprhine during the systolic peak of 
the aortic pressure (PSF in table 1). However, the inflow w’as frequently in- 
creased at the end of systole (B in the illustrations — ESF in table 1). 

D. Perfusion under a constant head of pressure. In the above experiments 
the coronary artery' was perfused with blood from the aorta. As a result, the 
perfusion pressure was increased by the drug about the same time that changes 
in flow, due to direct effects of the drug on the vessels, was to be expected. In 
order to eliminate this variable, the coronary artery was perfused wth blood 
from a reservoir, maintained at a constant pressure by an air system, 13 times 
in 4 animals. The data from these experiments, presented in table 2, indicate 
that the effects on diastolic conductance were essentially the same as when 
perfused from the aorta. As was to be expected, however, the reduction of 
inflow or the magnitude of backflow, at the instant corresponding to the peak 
of systolic aortic pressure, was much greater with the constant pressure per- 
fusion. 



time following injection— other letter- 

riu. u. iiiiiecL ui Hoiui. t-ouipiea&iwu. \,.»periinent as fig. 4 (G\V14-7) — coronarj* 

artery perfused with blood under pulsatile head of pressure from aorta. Dashed lines 
CP, C/*— control; solid lines, EP, £/*— effect of experimental procedure on aortic pressure 
(CP, EP) and coronary flow (CF, EF) respectively. Control and experimental curves 
’ • \ ' ■ * * * * ' • 1 . • ■ control and 

.• Ilg. Lower 

. cc. of 1:1000 

\V14-5}. For 

lettering see figure 5. j • « 

Fio. 7. Effects of 10 (i gm. commercial epinephrine (1:1000 solution diluted in . cc. 

blood). For lettering see figure 5. 

Fiq.S. Effect of 10 m gm. “pure” epmephnne alkaloid dissolved in minimal quantity 
dilute JJCJ and dUuted in 2 cc. Wood Same e-speriment as figure 7. For lettenng sec 
figure 5. 



Tabulation of data from four typical experiments out of 15 tn which the coronary artery was perfused vnlh blood from the aorta, i^e., under 
a pulsatile head of pressure 
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E. The ejfcct of the solvent. Coronary dilation with the 1:1,000 solution has 
been said to be due to the presence of the chloretone or the altered pH due to 
the HCl. As used in these experiments, the HCl appeared to be ineffective 
since in 2 injections in 2 dogs of an amount equal to that in 0.1 ec. of the 1 : 1000 
solution used, there was no effect on coronarj' flow. Injection of 0.01 cc. of 
commercial solvent* however, caused a small increase in coronary diastolic 
flow, but the effect was less than that caused by 0.01 cc. of the 1 : 1000 epinephrine 
solution. This solvent contained HCl and chloretone but no epinephrine. 

TABLE 2 

Tahulalion of data from all experiment$ tn tehich the coronary artery was perfused with blood 
from a reservoir under an approximately constant head of pressure 


Lettering as for table I. In addition, A ~ commercial adrenalin (Barke, Davis Co.) 
alkaloid powder — ampules gr. I. Com. Solv. ~ 100 cc. of the solvent used in preparing 
Parke, Davis Co. 1:1000 adrenalin solution. 
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0.32 

0.31 

110/81 

119/85 
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65 

6C 
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-3C 

41 

43 

0.65 

0 72 
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95/65 

114 
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94 
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-25 

50 

70 

0 53 

0 84 
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175/120 
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0.46 

0.70 

107/85 
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Seven comparisons were made m 4 dogs of the effects of the injection of com- 
mercial 1 ; 1000 solution, and injection of a similar amount of the alkaloid freshly 
dissolved in N/10 HCl. The results are presented in tables 1 and 2. Allowing 
for slight variability of dosage, the two caused quite comparable effects on the 
S/C ratio and on the inflow during systole. The commercial solution, however, 
caused in four trials a somewhat greater increase of diastolic flow and particularly 
of diastolic conductance. The maximum difference in the effects is illustrated 
in figures 7 and 8. 

* Courtesy of Parke, Davis and Co. 
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F. The minimum effective dose. IntracoronajT injectioBs variing from less 
than 1 to more than 100 figm. were given. No effect was produced with less 
than 1 pgm. With increasmg doses the effects on aortic pressure, diastolic 
inflow and systolic backflow, and S/C ratio became more marked and in general 
the diastolic conductance was proportionally increased, as is shown by the 
columns labelled DC per cent of control in tables 1 and 2. 

G. The time relation between increased vigor of contraction and increased diastolic 
conductance. The smaller increase of conductance with intravenous injections 
and with the intracoronary injection of the pure alkaloid as compared with the 
more prominent effects on arterial pressure and on systolic inflow suggest that 
some of the increased inflow may be due to i-asodilation induced by accumulation 
of metabolic products as a result of the direct stimulation of the myocardium. 
Figure 3, a record of the inflow under constant perfusion pressure, shows what 
we have constantly obser\'ed, that the reduction of systolic inflow' precedes the 
augmentation of diastolic inflow. 

H. Antagonism between pitressin and epinephrine. It has been reported by 
Melville and Stehle (38), and by Melville (39) that pitressin and epinephrine 
exert antagonistic effects. This we have confirmed. Administration of a O.I 
cc. of the 1:1000 solution during a. pedod of reduced coronary flow induced by 
1 or 2 units of pitressin caused an immediate increase of the vigor of contraction 
and acceleration of diastolic inflow in 2 tests in 2 dogs. Conversely, administra- 
tion of 0.8 and 2 units of pitressin during a period of elevated aortic pressure 
induced by a continuous intravenous infusion of epinephrine caused an im- 
mediate reduction of the coronaiy inflow in 2 tests in 2 dogs. 

Disccssiox. Pitressin apparently causes primarily a constriction of the 
coronaiy vcssles with more or less proportional reduction of inflow throughout 
the cycle. Epinephrine, however, apparently has a twofold effect. The first 
is to cause a marked reduction of inflow' during early and midsystolc and even 
the appearance of backflow during the isometric contraction phase. Tlsis 
phenomenon is apparently due to an increased ^'jgor of myocardial contraction 
and a more effective e.xtravascular compression of the coronarj' vessels by the 
contracting myocardium since it occurs prior to any change of aortic prc.ssurc 
or of diastolic inflow. The second effect is an increased inflow’ in diastole due 
in part to the rising aortic pressure, but due also to dilation of the coronaiy 
vessels. That the coronaiy vessels actively dilate is indicated by the increased 
diastoh’c conductance obsers'cd when the vessels were perfused from the aorta, 
as W’ell as when they were perfused at a constant head of pressure. No evidence 
of a coronary constrictor effect resembling that of pitressin has been obtained. 

It seems probable that the apparent constriction obtained in beating hearts by 
mean flow methods may have been due to a reduction of systolic inflow by the 
greater e.xtra vascular compression exerted by the more vigorously contracting 
myocardium rather than to an active intrinsic constriction of the coronaiy 
vessels. 

The coronan' dilator action of the commercial I r 1000 solution of adrenalin 
was definite. It is probable, however, that some of this effect was due to the 
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chloretone present in the commercial preparation, since the dilator action was 
less proroinent Avith the ‘*pure” alkaloid dissolved in HCl, and since the com- 
mercial solvent also caused coronarj' dilation. A small amount of coronarj- 
dilation, i.e., a smaller increase in diastolic conductance was, however, still seen 
with the "pure” alkaloid. This probably represented active dilation in response 
to the drug. Even tWs amount of dilation, however, may have been due to the 
augmented metabolic activitj' of the myocardium, since in these experiments 
the effect upon the contractile effort of the myocardium — measured by the re- 
duction of sj’stolic inflow — consistently preceded the effect on the diastolic 
coronary flow’. 

The considerable augmentation of mean coronary’ flow reported in the litera- 
ture to follow epinephrine, an effect which seemed to be greater than the eleva- 
tion of mean aortic pressure, may have been due, in addition to the above 
factors, to a relative shorterdng of systole, allowing more diastolic time per 
minute, and to a more rapid relaxation of the myocardium in early diastole. 
The latter is suggested by the more rapid rise of cororrary flow in early diastole 
seen in these experiments and the more rapid decline of the peripheral coronary 
pressure in early diastole reported elsewhere (37). The marked augmentation 
of flow observed with the thermostromuhr may in addition be partly artifact 
due to the markedly increased oscillation of flow, to zero and below during 
systole, following epineprhine, an occurrence which as Gregg et al. (40, 41) have 
have shown, can lead to abnormally high flow' readings with this instrument. 

Gmybiel and Glendy (42) report that angina rarely follows administration 
of pitressin, whereas it not infrequently follows administration of epinephrine. 
These observations might be interpreted to mean that in man these drugs have 
different effects than in the experimental animal. It is more probable, however, 
as Graybiel and Glendy suggest, that in addition to its coronary constrictor ac- 
tion pitressin may depress myocardial metabolism sufficiently so that a relative 
insufficiency of myocardial blood supply docs not occur W’ith ordinary clinical 
doses. The agina follow’ing epinephrine may be due to a relative insufficiency 
of the coronarj’ circulation due to the metabolic demands of the myocardium 
exceeding the increase of coronary flow. 

As may be seen from the records presented in this paper, epinephrine causes 
a more abrupt and vigorous contraction, and also increases the work of the heart 
by elevating the aortic pressure and probably the cardiac output. These 
changes must result in increasing the metabolic demands of the myocardium. 
Furthermore, according to studies of Gremmels (43), Gollwitzer-AIeier and 
Kroetz (44) and Gauer and Kramer (45), it is possible that epinephrine may 
decrease the metabolic efficiency of the myocardium. As a result, the Oa con- 
sumption per unit of work performed by the heart wll be increased and thus 
the demands on the circulation will be further augmented. 

Green and Wegria (32) have shown tliat the coronarj’ vessels are readily 
dilated by metabolic products. It would seem therefore that this phenomenon 
plus a, direct coronarj' dilation effect of the epinephrine should prevent the de- 
velopment of a relative insufficiency of the coronarj’ circulation, despite the 
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increased metabolic demands. Since angina does appear, the direct coronarj* 
dilator action of epinephrine must be relative^' weaker than the effect on myo- 
cardial matabolism. In fact, it seems possible that the apparent coronarj' dila- 
tion following epinephrine is due entirely to an increased production of meta- 
bolic products. 

SUMMARY 

Pitressin is an intense coronary constrictor capable, upon intracoronaiy in- 
jection, of causing sufficient constriction and reduction of coronary flow to 
depress the contractile effort of the myocardium. 

Epinephrine is not a coronary constrictor in the dog. On the other hand, 
while the coronary flow increases after injection of the drug, tljis increase with 
the pure alkaloid is not much greater than would be anticipated from the rise 
of aortic pressure and follows by an interval of many seconds the appearance of 
myocardial stimulation induced by the drug. It is concluded therefore that 
epineprhine has only a weak coronary dilating effect per sc, and that the ap- 
parently prominent coronary dilator action observed, particularly with the 
1 : 1000 solution, is due in large part to a marked increase of myocardial meta- 
bolic activity, out of proportion to the increased cardiac work, to a coronarj’ 
dilator effect of the presen’ative, and to a relative increase in the total diastolic 
time per minute due to shortening of the S/C ratio. 

Angina following epinephrine injection is probably due to failure of the drug 
to induce directly sufficient coronary dilation and increased blood flow, to supplj' 
the augmented myocardial metabolism, resulting in a relative myocardial is- 
chemia. 


The authors wish to express their appreciation to Gerald Kent, E. F. Sehroeder 
and John Paschold who assisted in the performance of many of these experiments. 
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